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Abstract 
Disasters are associated with first-order effects, such as the catastrophic destruction of 
properties, roads, public utilities and human lives, as well as second-order effects relating to 
the destruction of communities, dwindling economic development, and other environmental 
factors. The management of disasters can either alleviate or aid in overcoming these effects. 
While human-made and natural disasters are typically followed by chaos, this often results 
from an inadequate overall response. Preparedness is the best response to emergencies, and a 
multi-agent-based approach to coordination decision support systems often plays a significant 
role in disaster management and response. 
 
Using an integrated approach to facilitate coordination is considered important in dealing 
with disasters. However, the diverse aspects of coordination make it difficult to determine an 
integrated approach for continuous monitoring, support and mitigation. In addition, there are 
different kinds of coordination, such as physical coordination between emergent agencies or 
local agencies, and administrative coordination. While traditional disaster management 
studies have focused on coordination of managerial or government policy approaches, this 
study focuses on the direct local-based advice network used by emergency personnel (such as 
managers and volunteers) to understand how the properties of such human networks affect 
the ability to access and share expertise during a disaster incident in order to ensure prompt 
and accurate decisions. The key motivating question guiding this research is: how can the 
multi-level study of properties of social networks at network, actor and tie level help us 
understand the coordination that enables expertise access and sharing during disasters? 
Moreover, this study also asks: To what degree is this relationship associated with expertise 
coordination in a negative or positive manner? How are centralisation and efficiency in an 
 iv 
individual’s social network associated with coordination? Do network constraints and tie 
strength in an individual’s social network negatively or positively affect coordination? 
 
There are limitations to using traditional coordination theory alone to investigate complex 
disaster management networks in dynamic environments. Therefore, this study uses novel 
theoretical approaches to suggest an empirical-based framework and methodology for 
exploring the relationship between the properties of social networks and coordination of 
expertise during disasters, which is critical in emergency response. In particular, this study 
investigates the effect of social network structures, the position or location of individuals 
within the network, and the strength of ties for the coordination of expertise. 
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Glossary of Social Network Terminology 
 
Terminology	 Meaning	
Actors	 Actors	are	network	members	that	are	distinct	individuals	(for	
example,	clients	of	a	health	service,	residents	of	a	neighbourhood)	or	
collective	units	(for	example,	health	organisations	within	a	
community).	
Tie	Strenghth	 Relational	ties	link	actors	within	a	network.	These	ties	can	be	
informal	(for	example,	whether	people	in	one	organisation	know	
people	in	another	organisation)	or	formal	(for	example,	whether	one	
organisation	funds	another).	Actors	can	have	multiple	ties	with	other	
actors,	a	feature	known	as	multiplexity.	
Density	 Density	of	a	network	is	the	total	number	of	relational	ties	divided	by	
the	total	possible	number	of	relational	ties.	Density	is	one	of	the	most	
basic	measures	in	network	analysis	and	one	of	the	most	commonly	
used	notions	in	social	epidemiology.	
Centrality	 Centrality	measures	identify	the	most	prominent	actors,	that	is	those	
who	are	extensively	involved	in	relationships	with	other	network	
members.47	Centrality	indicates	one	type	of	‘‘importance’’	of	actors	
in	a	network:	in	lay	terms,	these	are	the	‘‘key’’	players.	
Degree	
centrality	
Degree	centrality	is	the	sum	of	all	other	actors	who	are	directly	
connected	to	ego.	It	signifies	activity	or	popularity.	Lots	of	ties	coming	
in	and	lots	of	ties	coming	out	of	an	actor	would	increase	degree	
centrality.	
Closeness	
centrality	
Closeness	centrality	is	based	on	the	notion	of	distance.	If	an	actor	is	
close	to	all	others	in	the	network,	a	distance	of	no	more	than	one,	
then	she	or	he	is	not	dependent	on	any	other	to	reach	everyone	in	the	
network.	Closeness	measures	independence	or	efficiency.	
Betweenness	
centrality	
Betweenness	centrality	is	the	number	of	times	an	actor	connects	
pairs	of	other	actors,	who	otherwise	would	not	be	able	to	reach	one	
another.	It	is	a	measure	of	the	potential	for	control	as	an	actor	who	is	
high	in	‘‘betweenness’’	is	able	to	act	as	a	gatekeeper	controlling	the	
flow	of	resources	between	the	alters	that	he	or	she	connects.	
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In North California in the United States stands the world-renowned Redwood 
National and State Parks. These national parks are home to the tallest trees in the 
world—the Redwood tree, which grows up to around 100 metres tall. According to 
the principles of building and construction, a great height must be supported by a 
strong root system that penetrates deep into the ground, so that it can sustain harsh 
climates and natural hazards, such as storms and torrents. However, the Redwood tree 
has roots that are only three to five metres deep (Ambrose et al., 2009). How then do 
these trees grow so successfully that their life spans a maximum of 2,000 years and 
minimum of 600 years? The secret lies in the connections of their roots. These trees’ 
roots spread out 20 to 27 metres wide, and intertwine and fuse with the roots of other 
Redwood trees. Thus, the roots form an extensive network that is the basis for the 
trees’ survival. This fascinating fact in natural science inspired me to apply the same 
idea to the social sciences to consider whether our social connections—the fabric of 
our social networks—can help sustain or aid human survival. Thus, I embarked on 
this research journey to understand the relationship between the properties of human 
social networks in relation to the access, sharing and coordination of expertise. 
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Chapter 1 : Introduction 
1.1 Introduction 
There are many studies documenting the inherent relationship between the 
social network properties of structure, tie and position, and the construct of individual 
performance (Borgatti & Everett, 1992; Chung, 2007; Chung & Hossain, 2009; Lee et 
al., 2014). In addition, there are plenty of studies associating coordination 
mechanisms with individual performance (Kanawattanachai & Yoo, 2007; Nguyen-
Duc, 2015; Peters, 2016; Sanders, 2008). However, studies that link social network 
properties to coordination processes are very limited; hence, this research study 
endeavours to contribute to the gap between these two academic fields. 
Good coordination is required for optimal performance, and vice versa, which 
means that coordination is very likely one of the mediating factors that explain the 
relationship between social networks and performance. This is currently lacking in the 
social network and management literature. Thus, in this study, a theoretical model is 
proposed to understand the relationship between social network properties and 
coordination of expertise. In doing so, this study contributes both to the knowledge 
gap of identifying the underlying factors in the social network and coordination 
relationship, and to extending traditional coordination theory by proposing knowledge 
as dependencies and coordination of expertise as a coordination mechanism. This 
mechanism serves as an antecedent for the performance construct and as a dependent 
variable for the social network construct. The results provide rich insights for those 
involved in designing governance and work structures for knowledge-intensive work. 
The following section aims to deliver a broad and brief introduction to this study. It 
begins with an overview of the background of study, and then moves on to discuss the 
research questions, objectives and conceptual framework. 
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1.2 Overview of Study Background 
This section provides an overview of the study background, which helps 
indicate the significance of the study—to explore and understand the relationship 
between social networks and coordination of expertise in knowledge-intensive 
workgroups.  
1.2.1 Coordination  
‘No man is an island’—every human is connected, with our friends, family 
and more so with organisations (Jarche, 2015). Many researchers have investigated 
the phenomena of coordination during the few decades since the initial pioneering 
work on coordination (Malone & Crowston, 1994).When coordination is successful 
and harmonised, people generally cannot see coordination in action. For example, 
when the four wheels of a car move harmoniously, we do not feel or appreciate these 
wheels every time we are in a car. However, when one of the wheels is not aligned 
with the others, we experience the disorientation. 
Often, disorientation of coordination leads to the failure of a project (Matta & 
Ashkenas, 2003). There are a few examples of researchers investigating this issue. 
Tjora (2004) studied the positive relationship between coordination skills and 
individual performance in an organisational learning domain, while Ancona and 
Caldwell (2007) and Rathnam et al. (1995) studied product development, customer 
support teams and coordination. These studies drew attention to the importance of 
coordination for both daily life and for project success in organisations. 
As long as a project exists, it needs to be managed concurrently with its 
limitations. To ensure successful management of projects, coordination is one of the 
most crucial and useful mechanisms. Many scholars have explored how to manage 
projects in diverse aspects from an organisational perspective. Radner and Marschak 
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(1954) researched decision making among choices based on actions. March and 
Simon (1958) studied task design and assessment within organisations. Thompson 
(1967) illustrated the nature of design response to different interdependencies among 
actors, while Tushman and Nadler (1978) studied how designing patterns of 
information procession affected organisational outcomes. All these studies since the 
1950s concluded that there is the inherent need for coordination when there is a 
concurrent project or event that needs to be managed. 
Particularly for complex tasks and skills, such as finding expertise based on 
knowledge access and sharing between individuals, the importance of coordination 
could not be emphasised more. Enabling complex and diverse coordination requires 
great communication techniques, methods and protocols. As contemporary life 
progresses, there are more sophisticated and complex projects that need to be 
addressed and managed (Moore et al., 2003; Rathnam et al., 1995). Melin and 
Axelsson (2005) stated that coordination in contemporary complex projects ‘bring 
different elements of complex activity or organisation into a harmonious or efficient 
relationship’. 
Eventually, the coordination concept was developed from a task design and 
assignment focus (March & Simon, 1958) to synchronise differentiated work efforts. 
The concept is applied in organisational settings to achieve desired goals in a 
harmonious manner through activities (Haimann & Scott, 1974; Holt, 1988; Singh, 
1992). In 1994, coordination research was formalised by Malone and Crowston (1994) 
as a plausible theory that linked to interdisciplinary domains. According to Malone 
and Crowston, coordination is ‘the act of managing interdependencies between 
activities performed to achieve a goal’. Since then, the concept of this theory has been 
applied in many different disciplines, such as in economics by Hollingsworth and 
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Boyer (1997); psychology by Swaminathan et al. (1998); medical and computer 
sciences by Tjora (2004); coordination and hospitals by Uddin and Hossain (2011); 
coordination and disaster prevention management by Hossain and Uddin (2012); 
coordination in a software company by Kraut and Streeter (1995); coordination in 
crisis response by Comfort (2007); coordination in bushfires by Ellis et al. (2004), 
Abbasi et al. (2010) and De Sisto (2011); and coordination in successful information 
technology–driven interventions in a hospital by Singh et al. (2016). 
Coordination between individuals is often based on trust or mutual benefit 
(Chisholm, 1992). Coordination is shown to have significant positive effects on 
knowledge sharing among diverse entities in a large international organisation, and to 
encompass a more voluntary and personal approach to communication (Tsai, 2002). 
These coordination activities became a channel for exchanging information, thereby 
enabling better access to resources, creating effective diffusion of new ideas in 
organisations, and giving the opportunity to build a new cooperative relationship 
(Gupta et al., 1999; Homans, 2013; Tsai & Ghoshal, 1998). However, not much 
research has sought to study both formal and informal coordination in the same 
organisation (Bdeir, 2013; Farrell & Héritier, 2003; Tsai, 2002) to understand how 
special knowledge (expertise) is accessed and shared in knowledge-intensive 
workgroups. Interestingly, according to Galbraith (1973), this individual and personal 
(informal) coordination exists because ‘most of the activity in an organisation does 
not follow the vertical hierarchical structure’. Therefore, the current study aims to 
explore coordination in knowledge-intensive workgroups that have a very strong 
vertical hierarchical organisation structure (command and control sub-systems) in 
order to understand whether this domain of study may have organic structures when 
individuals coordinate in times of emergency, or when they need expertise in a timely 
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manner. Thus, this study adopts social network theory, method and analysis to 
enhance a deeper understanding of the network structure, position and tie relationship 
in the coordination of expertise. 
1.2.2 Social networks  
The notion of social networks is implicit in coordination theory. According to 
the definition in Malone’s (1998) paper on coordination theory, coordination is about 
‘actors working together’. There are four core components of coordination, one of 
which is the interdependencies between tasks (Malone & Crowston, 1990). This 
refers to individuals working together, with interdependent tasks forming the basis for 
human coordination and tying these two elements ‘together’. This interdependence 
and connection forms a natural human tie that is fundamental to social network 
properties. Therefore, drawing from social network studies—theories and analytics—
for coordination study seems the most feasible and contemporary (Bdeir, 2013; 
Hossain & Kuti, 2010). 
Social network theory encompasses a social structure of nodes and ties. Nodes 
are actors (in this study, individual human beings) within the network, while ties 
represent the relationship between those actors. Ahuja and Carley (1998) stated that a 
network has its own characteristics depending on the media of communication, 
environment, coordination context and node types. The concept of social networks 
can be used to study the structure of actual networks to be measured and investigated 
for any kind of network. Figure 1.1 illustrates a sample network. 
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Figure 1.1. Types of network—centralised, decentralised and distributed networks. 
In Figure 1.1, first, on the left, the centralised network shows all actors (nodes) 
connected to a single central actor. This kind of network is often apparent in formal 
hierarchical networks that exercise a high degree of authoritative control (Hinds & 
McGrath, 2006). In such networks, if the central actor (node) somehow fails to 
respond or connect, the structure will likely fail. Second, the decentralised structure 
reduces a risk of single actor failure rate. This kind of network can be seen in 
geographically distributed networks interconnected by links to hubs. If a single actor 
in a hub fails, this will only affect the hub directly related to that single actor, while 
other network hubs function as normal. Thus, this decentralised network structure 
provides high tolerance to a network because communication is active and easily 
reaches each actor. Therefore, even if one main actor fails, the nodes connected to that 
actor can still function due to the other connections they can access. However, this 
decentralised network has the limitation of being costly to maintain a large number of 
connections (links) and can receive redundant information (Baran 1964). In the 
formation of social networks, Powell (1990) stated that links present channels for 
actors to access and share information, goods and recourses, which means these social 
networks represent a form of social exchange, and hence coordination. 
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Social network measures, such as centrality, are used to measure certain 
qualities of actors’ attributes based on their structural position. Therefore, centrality is 
a relatively important measure for actors in a network. Through the notion of 
centrality, questions can be asked, such as: how much influence can an actor exercise 
on other actors, and how many actors can each actor influence? Consequently, social 
network analysis allows a way to represent and map relationships between actors 
(Carrington et al., 2005) and to illustrate the visual mapping of possible realities. 
Social network analysis has been applied to study many different types of relationship 
and positions, such as Borgatti’s (2005) innovation dissemination, Carpenter and 
Westphal’s (2001) board member relationships in inter-organisational networks, and 
Kapucu and Hu’s (2016) exploration of multiplex relationships between organisations 
in the domain of emergency management. Social network analysis is a useful tool to 
discover the relationships between actors’ activities and outcomes through node and 
link connections. These social networks evolve as actors accomplish goals and 
complete tasks. 
Social network analysis also provides visualisation and mathematical 
evaluating the properties network associated with certain consequences of 
coordination (Chung et al., 2005). Therefore, using social network analysis helps 
disclose network conditions, such as certain actors’ involvement in a network level, 
structural holes (Burt, 1992), positions in a network and other possible empowering or 
obstructing factors that may yield a particular coordination outcome. It can thus be 
established that there is close conceptual linkage with the notion of Malone’s (1990) 
components of coordination (where managing interdependencies between actors is 
key) and the social network notion of ties among actors. Moreover, understanding 
how these links operate is important for coordination. This premise of social networks 
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is very important because actors’ coordination ability and the network structure are 
affected by actors’ position in the social network (Bdeir, 2013). 
1.3 Research Questions 
This study sought to explore and understand the coordinated access and 
sharing of expertise through a social network in order to achieve the aim of this 
study—to investigate the relationship between social network properties and 
coordination of expertise properties in knowledge-intensive workgroups. This study 
involved key research questions that guided the study and were placed at the centre of 
the study to provide clearer focus throughout the research. The main research 
questions were as follows: 
1. What social structure is most effective and efficient for a knowledge 
intensive workgroup to share and access expertise? 
2. How does the position of an actor in a social network matter in a 
knowledge-intensive workgroup? 
3. How does tie strength influence the coordination of expertise in a 
knowledge-intensive workgroup? 
1.4 Research Objectives 
Research is an organised exploration of a problem in which there is an 
endeavour to gain an explanation to the problem; thus, it is critical to have clear 
objectives in order to attain a correct explanation. This study’s objective is mainly to  
understand relationship between a social network perspective and the coordination of 
the expertise of individuals involved in knowledge-intensive work. On the point of the 
‘performance of networks’, the independent variable for the study here was properties 
of social networks (i.e. at the network, actor and relational levels). The network data 
gathered here are organic, in the sense that respondents reported whom they would 
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seek advice from during disaster or emergency situations. The performance of such 
networks, where the network here is an independent variable, is thus irrelevant for the 
purpose of the study. 
In order to meet the object a conceptual model has been developed to capture 
theoretical constructs through an in-depth, iterative literature review and qualitative 
interviews. Eventually, this study endeavours to contribute to the community of 
disaster management by encouraging the most effective social structure and 
relationships between disaster management agencies and volunteers. 
1.5 Conceptual Framework 
In order to make conceptual distinctions and organise ideas, it is essential to 
develop a conceptual framework for the study. The conceptual framework of this 
study indicates the notion of the relationship between social networks and 
coordination of expertise. This framework is displayed in Figure 1.2 below. 
 
 
 
 
Figure 1.2. Conceptual framework. 
This study emphasises the relational and structural properties of social 
networks to investigate their significant effect on coordination of expertise. This 
framework is based on the literature on theories of social network and theory of 
coordination. Using the social network approach enables study of the coordination of 
expertise in the domain of a knowledge-intensive workgroup as a horizontal structure, 
rather than a vertical (hierarchical) structure. This means that important actors (nodes, 
people and experts) may not necessarily be actors at the top of hierarchy, but are 
 
Social Network Coordination of  Expertise 
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likely to be actors who have a large number of connections from and to them. Thus, 
coordination is conceptualised as a network of interacting actors embedded in an 
alliance network of organisations. 
1.6 Domain of Study 
1.6.1 Knowledge-intensive workgroups  
Knowledge-intensive workgroups (organisations) have gained rapid attention 
since around 1990. This attention on knowledge-intensive workgroups developed 
based on social, work and organisational changes in which knowledge became more 
important and significant to the contemporary economy. The notion of knowledge can 
be difficult to pinpoint in a single aspect because it is very vast and abstract. 
Wikstrom and Normann (1994) stated that knowledge is simply everything and 
nothing. Therefore, knowledge intensiveness cannot be measured only by commercial 
criteria of formal education, skills, high prestige or high financial rewards (Starbuck, 
1992). According to Hedberg (1990), a key characteristic of a knowledge-intensive 
workgroup is to have the capacity to solve complex problems through creative and 
innovative solutions. 
Knowledge intensity is an indication of how much an organisation relies on a 
substantial body of complex knowledge (Starbuck, 1992). In addition, knowledge 
intensity means the workgroup has distinctive challenges and organisational outcomes 
(Nordenflycht, 2010). Thus, a knowledge-intensive workgroup is directed to 
promoting the incorporation of knowledge (Jemielniak & Kociatkiewicz, 2009). 
Consequently, a knowledge-intensive workgroup is an organisation in which the main 
activity is based on the employment of knowledge, and intellectual capital comprises 
a large part of the value of the organisation (Jemielniak & Kociatkiewicz, 2009). For 
this study, disaster management was selected as the research domain, as disaster 
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management is a complex set of interrelated activities. These activities are often 
knowledge intensive and time sensitive (Inan et al., 2015). In particular, sharing and 
accessing knowledge is timely in the disaster management domain (Inan et al., 2015). 
1.6.2 Disaster management  
A disaster is an unpredictable and uncertain event (Ramete, Lamothe, Lauras, 
& Benaben, 2012; Scerri, Hickmott, Padgham, & Bosomworth, 2012). As a result, 
managing these events is a very challenging and complex task (Helbing, 2013). There 
are often numerous stakeholders involved, such as agencies, organisations, staff 
members and volunteers, with different backgrounds, resources and goals (Wang & 
Hsiao, 2014). Further, the nature of disaster management is complex, and the timeline 
of action is critical; thus, knowledge access and sharing among actors (entities) is vital. 
Jemielniak and Kociatkiewicz (2009) suggested that these knowledge-
intensive workgroups (organisations) need to adopt a specific organisational structure 
that is a flexible, adaptable and informal structure that works in an opposite manner to 
bureaucracy—this structure is an adhocracy (Jemielniak & Kociatkiewicz, 2009). An 
adhocracy structure is claimed to be the most effective organisational configuration 
for this type of knowledge-based workgroup because this workgroup requires 
continuous innovation, and rigidly established patterns do not help knowledge 
workers to innovate or coordinate (Jemielniak & Kociatkiewicz, 2009). By using 
social network theory and analyses, the current study explores and establishes what 
type of adhocracy structure might be needed in the domain of disaster management. 
1.7 Forthcoming Chapters 
This study consists of six chapters, including this introductory chapter. To 
enhance understanding of this thesis, Figure 1.3 and the following section provide an 
overview of the thesis by chapter. 
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Figure 1.3. Map of the forthcoming chapters. 
Chapter 2 presents the literature review to explore and develop the proposed 
research model at the end of the chapter. This chapter begins by discussing traditional 
coordination theory, including the history of coordination study and limitations of the 
theory. The first section concludes by discussing the new proposed expertise 
coordination process to allow traditional theory to be adapted to knowledge-intensive 
workgroup environments. Chapter 2 then moves onto explain the relationship between 
coordination and social network theory. Also, explores the research model proposed 
for this study. 
Chapter 3 discusses the overall methodology of the study. It rationalises the 
triangulation approach that is applied to collect social network data and coordination 
of expertise data. This approach is used for both the content analysis and survey 
instrument, based on the conceptual model. Content analysis is conducted based on 
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the collected open-ended survey question data. In addition, this chapter explains all 
the measures used in the theoretical model, including the function of each measure. 
This chapter concludes with a summary of the design of the network data collection 
methods; phases of collecting data; and techniques used to collect, store, extract and 
analyse the data. 
Chapter 4 presents the results of the qualitative and quantitative data analysis 
of the study. The results provide descriptive statistics and demographic data of the 
social networks, and normality test on data distribution. The results are presented in 
network, actor and tie level. Hypothesis testing using parametric techniques (such as 
Spearman’s rank-order correlation and content analysis) is undertaken using the 
qualitative data. 
Chapter 5 presents a discussion based on the results in Chapter 4, and revisits 
the key objective of the study. Correspondingly, this chapter demonstrates how 
understandings of the relationship between social networks in a knowledge-intensive 
workgroup have been established. This chapter explores the results in relation to the 
literature review from Chapter 2 to determine whether the research questions were 
systematically answered through this study. The discussion is organised by three 
different levels: network, actor and tie levels. The network-level discussion examines 
how social network hypotheses influence the coordination of expertise. The actor-
level social network discussion examines whether social network measures (such as 
degree centrality, betweenness centrality, closeness centrality, effective size and 
network constraint) can influence the coordination of expertise in a knowledge-
intensive workgroup. The tie-level section discusses the influence of tie strength on a 
knowledge-intensive workgroup’s coordination of expertise. 
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Ultimately, Chapter 6 concludes with a summary of the key findings, 
discussion of the study implications and limitations, and suggestions for future 
research directions. In addition, this chapter presents the critical outcomes and 
interpretation of the discussion from Chapter 5. The critical outcomes and research 
interpretations from Chapter 5 are translated into a set of implications and 
recommendations for theory, method and the research domain—particularly for 
emergency management organisations in Australia. 
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Chapter 2 : Literature Review  
Towards a Social Network Model to Access and Share Expertise for 
Coordination 
This chapter presents a literature review for this study that explores the 
inherent relationship between social networks and coordination of expertise in 
knowledge-intensive workgroups. Figure 2.1 presents a map of Chapter 2. 
  
 
 
 
 
 
 
 
 
 
 
 
Figure 2.1. Map of Chapter 2. 
 
 
 
 
 
Chapter 
Introduction 
2.1 
Coordination 
Theory 
2.2 Dynamic 
Network 
Coordination 
2.3 Coordination 
in Disasters 
2.4 Coordination 
and Social 
Network Theory 
2.5 Theories of 
Social Networks 
2.6 Effects of 
ICT Use 
2.7 Effects of 
Training 
2.10 
Conclusion 
2.8 Disaster 
Management 
(Study Domain) 
2.9 Towards Model 
Coordination through 
Social Network Theories 
 16 
2.1 Coordination Theory 
Successful coordination is almost invisible, while bad coordination is 
unavoidable. The history of coordination theory began as early as 1958, by March and 
Simon (1958). Figure 2.2 displays how coordination theory has been evolving over 
many decades. 
 
Figure 2.2. Evolution of coordination theory. Source: Weigand et al. (2003). 
Figure 2.2 displays the definitions of coordination proposed by authors 
throughout the history of coordination theory. It indicates that the early coordination 
studies were undertaken in static organisational environments (March & Simon, 1958) 
and moved onto non-static environments, such as crisis management organisations 
(Comfort, 2007). 
2.1.1 Overview of coordination theory 
Argote (1982) stated that coordination is ‘the glue that binds the activities’ 
needed to resolve a problem in order to form a smooth, consistent and justifiable 
problem resolution process. Malone and Crowston (1990) defined coordination as ‘the 
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act of working together harmoniously’, and working harmoniously includes conflicts 
of interests or beliefs. For example, if sub-departments have conflicts or competition, 
this can still lead to a good result for the company at the end of a project (Thompson 
and Tuden, 1959) (Eisenhardt, Kahwajy & Bourgeois, 1997) (Brunsson, 1989).  
Coordination theory is about how activities can be coordinated and how actors 
work together. While this is a very broad description of coordination theory, it has 
contributed to many different fields of theories, concepts and results. The term of 
‘coordination theory’ itself has been used and centred in organisation theory, 
education, sociology, anthropology, computer science, law, political science, social 
psychology and linguistics to analyse how people coordinate their activities (Miao, 
Burgos, Griffiths, & Koper, 2008).  
 
  
 18 
 
Definition Researchers 
Coordination can be achieved by standardisation. March and Simon (1958) 
Coordination is structuring and facilitating transactions between 
interdependent components. 
Chandler (1962)  
Coordination consists of the protocols, tasks and decision-making 
mechanisms designed to achieve concerted actions between 
interdependent units. 
Thompson (1967) 
Coordination describes the integrative devices for interconnecting 
differentiated sub-units. 
Lorch (1969) 
Coordination happens insofar as different actions of various actors 
become linked to constitute a chain of actions. 
Kaufmann (1986)  
Coordination composes purposeful actions into larger purposeful 
wholes. 
Holt (1988) 
Coordination is between commitments and human networks that are 
enabled by communications technologies. 
NSF-IRIS (1989) 
Coordination is the actions and decisions of individual actors within an 
organisation, which need to be attuned in a timely manner for the 
organisation as a whole to realise its aim. 
Konigsveld and Mertens 
(1986) 
Coordination is the integration and harmonious adjustment of individual 
work efforts towards the accomplishment of a larger goal. 
Singh (1992) 
Coordination is the act of handling interdependencies among activities 
performed to accomplish a goal. 
Malone and Crowston (1994) 
Coordination is instituting and attuning concerning tasks with the 
purpose of guaranteeing that the execution of isolated tasks is on time, in 
the right quantity and in the right order. 
Reezigt (1995) 
Coordination means aligning one’s actions with those of other relevant 
actors and organisations to achieve a shared goal. 
Comfort (2007) 
Table 2.1 Different Definitions of Coordination Theory (Weigand et al., 2003) 
As indicated in Table 2.1, different researchers proposed different definitions 
based on research context and content. However, the generally accepted definition of 
coordination is ‘the act of many connected actors pursuing goals together’, so that 
these single actors do not all pursue the same goal (Malone, 1998). 
2.1.2.1 Malone and Crowston’s coordination theory 
Malone and Crowston (1990) defined coordination as ‘the act of managing 
dependencies between activities’, where dependencies are the goal-relevant 
relationships between activities (which are interdependent). The theory of 
coordination involves studying coordination by drawing from principles belonging to 
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diverse disciplines. Work on the theory evolved as a result of eagerness to appreciate 
the interdisciplinary connections regarding coordination. Coordination theory is 
claimed to be the basis for a solid theoretical foundation upon which diverse 
disciplines have a common format for discussion and analysis of coordination 
processes. Malone and Crowston (1994) described coordination theory’s theoretical 
underpinning as ‘an intellectual framework for “transporting” concepts and results 
back and forth between different kinds of systems’ (such as human, biological and 
organisational concepts). 
Thus, it is apparent that the current status of the theory is arguably a mere 
collection of analogies, working processes, patterns and partial frameworks from 
diverse disciplines. The authors of the theory themselves acknowledge that they use 
the term ‘theory’ with some hesitation because it connotes a degree of rigour and 
coherence that is not yet present in the field of coordination. Thus, it has been argued 
that coordination theory is more of a ‘pattern model’ because it seeks to explain 
phenomena by showing how they fit a known pattern (observed from coordination 
mechanisms in various disciplines) (Crowston et al., 2006). Nevertheless, 
opportunities still exist for researchers and scholars from diverse disciplines to 
contribute to the overarching goal of understanding and contributing towards the 
study of coordination by examining its main components: goals, actors, activities and 
dependencies. 
Coordination is the act of managing dependencies, which means coordination 
should involve one or more actors performing some activities in order to achieve one 
or more goals. In most cases, each activity is somehow linked to the other, thereby 
establishing certain relationships. For example, the activities must be executed in a 
manner that does not produce unnecessary ‘displeasing’ results, but ‘pleasing’ 
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(positive) outcomes instead. The goal-relevant relationships between the activities are 
called ‘interdependencies’, which is the primary component and emphasis of 
coordination theory (Malone & Crowston, 1994). Hence, all instances of coordination 
require actors to be performing some activities that are interdependent. A good 
analogy of this definition is an automobile manufacturing company. The company’s 
goal is to produce certain types of automobiles, and the automobile technicians and 
designers are the actors who must perform various activities, such as designing, 
manufacturing, assembling and painting the automobiles. Examples of 
interdependencies are when the same resources1 are used—that is, when an assembly 
line is used by all technicians, or when certain activities need to be carried out 
sequentially. 2  For example, the process of designing the automobile needs to be 
completed before manufacturing and assembling the automobile components. 
Therefore, the components involved in coordination are goals, activities, actors and 
interdependencies, and these components are all associated with the coordination 
processes. 
Components of coordination Associated coordination processes 
Goals Identifying goals 
Activities Mapping goals to activities (e.g., goal 
decomposition) 
Actors Selecting actors and assigning activities to actors 
Interdependencies ‘Managing’ interdependencies 
Table 2.2 Components of Coordination (Malone & Crowston, 1990) 
Having narrowed down the definition of coordination theory, the next step in 
the study of coordination is to identify the different kinds of dependencies, as well as 
the certain coordination processes that are used to manage these dependencies. In the 
automobile example, the assembly line ‘shared resource’ dependency can be managed 
                                                
1 Thompson (1967) referred to such interdependencies as ‘pooled’ interdependencies. 
2 Thompson (1967) referred to such interdependencies as ‘sequential’ interdependencies. 
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by using a coordination process, such as having the automobile production manager 
communicate a managerial decision to have certain categories of workers use the 
assembly line at certain hours of the day. Similarly, when there are limited resources, 
project managers undergo the process of resource levelling, resource allocation and 
scheduling (selecting actors and activity assignments), which is essentially a 
coordination process. Table 2.3 summarises some examples of common dependencies 
between activities and the coordination processes used to manage them (Malone & 
Crowston, 1994), followed by a brief overview of each dependency. 
Dependency Coordination processes for managing dependency 
Shared resources Priority order (queuing), auction-like bidding, managerial 
decisions, budgets, ‘first come, first served’ 
Task assignments Same as for ‘shared resources’ 
Producer/consumer relationships  
Transfer Inventory management (e.g., ‘just in time’, ‘economic order 
quantity’) 
Usability Standardisation, surveying users, participatory design 
Prerequisite constraint Notification, sequencing, tracking 
Task/subtask Goal selection, task decomposition 
Simultaneity constraint Scheduling, synchronisation 
Table 2.3 Examples of Common Dependencies and Coordination Processes  
(Malone & Crowston, 1994) 
2.1.2.1.1 Managing shared resources 
This is by far the most common type of dependency across disciplines such as 
economics, organisation theory and computer science. When various activities need to 
be conducted, yet share a pool of limited resources, a resource allocation process 
needs to be in place to ensure resources are appropriately allocated to each activity. A 
classic example is of human resource allocation (constrained by number, time and 
cost) to project tasks by a project manager. In computer science, software applications 
work on limited computer memory and processing power, so that optimal allocation is 
required to perform computational tasks. 
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2.1.2.1.2 Producer/consumer relationships. Producer–consumer dependencies 
are characterised by an input–output (or vice versa) process, where the output of one 
activity or entity is an input for another activity or entity. In the automobile example 
portrayed above, the design (output) of the car dashboard is used as input to the 
manufacturing department. Apart from the physical and tangible nature of this 
interdependency, information transfer is another example of the input–output process. 
For example, sales forecast data produced by the sales department may be used as 
input data for the next round of marketing campaigns by the marketing department. 
2.1.2.1.3 Task/subtask dependency  
The premise of this dependency is that, to achieve the ‘outcome’ of 
coordination (the ‘goal’ component), various tasks need completing, and each of these 
tasks may decompose into smaller sets of tasks. For example, in project management, 
it is common for major tasks to be broken down into a smaller set of tasks or work 
packages, with the overall aim of achieving the project deliverables. Malone and 
Crowston (1994) likened the process of this dependency of tasks and subtasks to the 
process of goal selection (where major tasks are identified to achieve the goal) and 
goal decomposition (where each major task is broken down to further subtasks). 
Malone and Crowston proposed top-down and bottom-up as approaches for managing 
this dependency. 
2.1.2.1.4 Managing simultaneity constraints  
This dependency arises when two tasks or activities need to (or need to not) be 
scheduled simultaneously. For instance, when people hold meetings together, 
coordination of schedules is necessary, or when resources are scarce during an 
emergency crisis, scheduling needs to be optimal so that two resources are not overly 
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consumed (for example, two ambulance services not required in a disaster area that 
can be serviced by one). 
2.1.2.1.5 Overview of Malone and Crowston  
Based on the coordination process, Malone (1987) proposed four coordination 
models, as described in Table 2.4. 
Coordination models Advantages/disadvantages 
 
Advantages: 
• Processor failure will affect only one product 
division. 
 
Disadvantages: 
• Duplication of effort can occur between product 
divisions. 
 
Advantages: 
• If a processor fails, the task is reassigned to another 
processor. 
 
Disadvantages 
• High communication cost per task. 
 
Advantages: 
• One general contractor (product manager) can fail 
without disrupting the production of other products. 
 
Disadvantages: 
• Production is disrupted if broker (or functional 
manager) fails. 
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Advantages: 
• Reduces duplication effort and allows loads to be 
balanced across products. 
 
Disadvantages: 
• If a functional manager fails, the processing for the 
whole organisation may be disrupted. 
 
 
 
 
 
Table 2.4 Coordination Models (Malone, 1987) 
There are three main contributions from Malone and Crowston’s (1987) work 
on coordination theory. First, they proposed a concise and actionable definition. 
Second, they suggested frameworks so that task analysis and modelling for collective 
process could be undertaken. Third, their study was the beginning of a typology of 
coordination mechanisms and dependency (Crowston & Rubleske, 2004). 
2.1.3 Limitations of traditional coordination theory  
A 10-year retrospective review of coordination theory by Crowston et al. 
(2006) stated the main contributions of coordination theory and they assessed the 
theory based on its impact regarding citations, followed by an analysis that presented 
how components of the theory were used. They claimed that, since the working paper 
of coordination was published (in 1989) to 2004, there were at least 287 citations 
from journal articles, conference papers and dissertations, thereby indicating a modest 
impact of the theory in the field of management of information systems and human 
computer interaction. The citations were sourced from ISI Social Science, Science 
Citation Indexes and Cite Seer (http://citeseer.psu.edu/). Of these citations, 
approximately 50% only mentioned coordination theory, without actual use of the 
definition, modelling framework or typology of coordination dependencies and 
mechanisms. Approximately 26% only used the definition; 4% used the definition and 
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modelling framework, but not the typologies; and 20% made some use of the 
typologies and mechanisms. 
 
Figure 2.3. Citation counts of coordination theory over 10 years. Source: Crowston et 
al. (2006). 
Crowston et al. (2006) then assessed the coordination theory impact 
concerning adoption as a theory based on empirical, theoretical and social factors. 
They found that there has been application of coordination theory in diverse 
disciplines. For example, coordination theory has been applied to analyse software 
bug-fixing processes and identify new processes in a large mini-computer 
manufacturer (Crowston, 1997) and to empirically analyse coordination structures 
during an organisational crisis (Hossain et al., 2006). Thus, they suggested that the 
theory is presented in a way that facilitates operationalisation of the framework, 
hypotheses development and testing. However, one of the current limitations of the 
theory, and recent work undertaken in this field, such as empirically measuring 
coordination, is discussed further below. 
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In terms of theoretical factors, it is contended that there are multiple uses for 
the theory (as evidenced from the citation counts), and successful alignment with 
other theories and approaches. Crowston et al. (2006) provided plenty of research 
evidence that coordination theory has been embedded in other methodologies, such as 
soft systems methodology. The theory is relatively easy to comprehend and use, it 
was first published in a widely read journal, and it is communicated in a variety of 
settings. The reason the last criteria is not satisfied is attributed to the fact that the 
early (1994) seminal paper was published in ACM Computing Surveys—an outlet 
well known to computer scientists, but not to the outside world. Thus, although the 
overarching goal of coordination theory was to provide a generic framework that 
could ‘transport’ ideas to and from diverse disciplines to analyse coordination 
dependencies and mechanisms, the choice of outlet was relatively weak to 
communicate this aim across other disciplines. 
Despite these arguments, coordination theory and its associated research have 
gained significant attention—not only in the computing and information science 
discipline, but also in other fields, such as business process studies, supply chains and 
organisational simulations. Further, the concept of coordination is instrumental and at 
the heart of most organisational processes (Baber et al., 2007), which makes the 
theory interesting and valuable. Although the pursuit of coordination theory as a 
‘theory’ has not yet quite been attained, research in the past decade is certainly 
generating much attention for coordination studies. The current study continues the 
tradition set by Malone and Crowston by adopting and extending their pattern model 
in pursuit of developing a theory of coordination. 
One restraint of the traditional theory is that, in the process of drawing from 
themes of coordination from various disciplines to be able to generalise the theory 
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applications to a certain level, it could argued that the theory may not be applicable at 
an accurate and contextual level. The challenge is to be able to effectively identify 
each of its components (goals, actors, activities and dependencies) at a particular point 
in time and given context. In particular, it is sometimes difficult to judge what is the 
primary activity in relation to coordination. For instance, actors may have ‘conflicting 
goals’ within the same activity/problem domain. To challenge this issue, the theory 
safely assumes that coordination must be analysed in terms of actors’ collective 
behaviour concerning how well they achieve their overall goals. However, this 
assumption can be questioned regarding the realism and practicality of the goals.  
The organisations and behaviours of people are usually dynamic, self-adaptive 
and complex, and the extent to which a group of people achieves a particular goal 
does not necessarily reflect good coordination. Depending on the intensity, nature and 
scope of the work, success may be solely attributed to a single person, and not 
necessarily to the behaviours and activities of the group as a whole. In different 
situations and contexts, there are diverse ways to categorise coordination components; 
thus, there is no single correct way. In addition, the interdependencies and 
coordination mechanisms are explained in general terms. Therefore, dependencies 
(such as characteristics, types and problems caused and the associated coordination 
process to handle these dependencies) become vague as well. As a result, it becomes 
almost impossible to determine the appropriate coordination mechanisms that might 
prove useful in a given circumstance. To address this issue, this study extend the 
traditional coordination theory which developed from the sample of 
manufacturing industry to a domain of  knowledge intensive workgroup.  
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2.1.4 Expertise as a new dependency  
When organisations or teams collaborate to conduct a project or some form of 
knowledge-intensive work, coordination of inter-organisational/teamwork becomes an 
important management issue. The dependencies outlined in coordination theory—
shared resources, task–subtasks and simultaneity constraints—become relevant. 
While coordination theory seems to have an exclusive focus on task partitioning and 
resource sharing dependencies, it suggests that knowledge partitioning and the 
management of knowledge or an awareness of expertise knowledge are also 
significant coordination dependencies. The crux of this argument is based on the fact 
that organisational and knowledge-intensive workers no longer only rely on task-
based information. They also need to rely on both relational (such as peers, experts 
and support groups) and non-relational (such as knowledge bases, frequently asked 
questions and websites) sources of information (Henry & Butler, 2001). Therefore, it 
is crucial to have an awareness of who knows what information, and where 
knowledge or expertise is located. 
The literature from organisational science suggests that expertise emerges 
from patterned interaction and is context driven. For instance, interaction and social 
engagement in the team provides the context for expertise to emerge (Winograd & 
Flores, 1986). Further, as individuals interact and practice with others based on their 
personal knowledge, they become mindful of who knows what information. This 
collective knowledge and awareness of the knowledge map is called ‘transactive 
memory’. Members of a team can capitalise on transactive memory to share and 
allocate tasks to individuals who specialise in a particularly knowledgeable area 
(Wegner et al., 1985). In this manner, by being aware of the location of knowledge, 
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instead of the knowledge itself, and by depending on knowhow from each other to 
provide necessary details, any team member can efficiently update their awareness 
and knowledge map, and reduce their cognitive load by focusing on their task at hand. 
Similarly, according to Takeishi (2002), in regard to knowledge-intensive 
tasks, it is important to make a distinction between task partitioning and knowledge 
partitioning. Likened to the task–subtask dependency in coordination theory, task 
partitioning is the process of breaking down tasks into further subtasks so that each 
subtask may be allocated to another actor (such as an individual or department) in 
terms of execution and responsibility (Hippel, 1994). In contrast, knowledge 
partitioning is about knowing who has the knowledge for a task. Takeishi (2002) 
affirmed that, in organisations, knowledge partitioning, not task partitioning, may be 
more important for effective outsourcing for organisations to obtain competitive 
advantage. In his study of Japanese automakers’ knowledge levels, patterns of 
supplier management, and component development performance from the perspective 
of suppliers, Takeishi found that, for regular projects, it was more important for the 
automaker to have a higher level of architectural knowledge—that is, knowledge 
about coordinating various components for a vehicle, rather than component-specific 
knowledge. The latter knowledge was provided by the outsourced party—the supplier. 
For more innovative projects, such as projects in which new technology was involved 
for the supplier, it was important for the automaker to have a higher level of 
component-specific knowledge to collaborate with the supplier to solve new 
engineering problems. In most cases, this meant that it was extremely important to 
locate knowledge experts and have an awareness of who knew what information, and 
who specialised in what skills and resources (such as policies and fine-print about the 
legalities of a contract document).  
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In light of the above point, various studies have suggested the importance of 
the dependency between task accomplishment and awareness of available resources 
(such as experts) and between resource allocation and resource awareness (Anklam, 
2003; Ashworth & Carley, 2006; Ibarra & Hunter, 2007). Faraj and Sproull (2000) 
termed ‘expertise coordination’ a critical component of coordination among 
knowledge-intensive individuals, groups and organisations. In their view, expertise 
coordination is the specialised skills and knowledge that individuals bring to a task. 
Therefore, in this sense, coordination is targeted towards managing resources and 
expertise dependencies. In their study of 69 software development teams in a large 
organisation, they contended that the mere presence of expertise was insufficient to 
perform effectively. Rather, if expertise was coordinated so that one knew where 
expertise was located when expertise was needed, and if one brought that needed 
expertise to bear, then performance would be highly effective and efficient. This 
implies that good expertise coordination translates into fewer transactions, thereby 
lowering transaction and coordination costs (Cordella & Simon, 1997). 
Given the arguments postulated above, it is important to consider knowledge 
partitioning (as opposed to task partitioning) or knowledge awareness as a critical 
dependency, in addition to the existing dependencies outlined in the framework for 
coordination theory (Janssen et al., 2010). On this basis, this study proposes extending 
coordination theory to include knowledge dependency (what coordination processes 
facilitate this dependency) in the study of coordination. As aforementioned, it is 
possible to manage dependencies as long as one can characterise dependencies and 
identify the coordination process (Malone & Crowston, 1994). Therefore, it is 
necessary to propose a new dependency for knowledge-intensive workgroups, so that 
a new expertise coordination process can be established to manage 
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Proposed dependency and its process 
knowledge/expertise dependency. Table 2.5 illustrates the newly introduced 
dependency and its coordination process, alongside the traditional coordination 
dependencies and their processes. 
Dependency Examples of coordination processes for managing dependency 
Shared resources  ‘First come, first served’, priority order, budgets, managerial 
decision, market-like bidding  
Task assignments  Same as for ‘shared resources’  
Prerequisite constraints  Notification, sequencing, tracking  
Transfer  Inventory management (e.g., ‘just in time’, ‘economic order 
quantity’)  
Usability  Standardisation, ask users, participatory design  
Design for manufacturability  Concurrent engineering  
Simultaneity constraints  Scheduling, synchronisation  
Task/subtask  Goal selection, task decomposition  
 
Table 2.5 Traditional Examples of Dependencies and Newly Proposed Dependency 
and Coordination Processes 
For tasks or projects related to knowledge work, expertise is the most essential 
resource. Therefore, sensible managers wish to attract knowledge workers who bring 
more expertise to their project. However, just attaining or positioning expertise in a 
project is insufficient to produce the best quality work automatically.  
2.1.5 Approaches for operationalising and measuring coordination  
While coordination theory has been applied in various studies to analyse 
coordination processes, the theory is lacking some important aspects, including: (i) 
sufficient evidence from research demonstrating the operationalisation of its 
framework, alongside testable hypotheses, and (ii) evidence of research demonstrating 
how coordination may be measured (Crowston et al., 2006). 
Knowledge/expertise 
dependencies 
Expertise coordination process 
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It is understandable that there is considerable difficulty operationalising the 
coordination framework, given its generic nature. Operationalisation of the 
framework is only possible in a given context, where the variables in the framework 
are clearly measurable. Therefore, it is useful to consider the question of how 
coordination can be measured. Surprisingly, Malone and Crowston (1994) offered no 
suggestion as to how this may be done. Much like performance, coordination is an 
abstract concept that is very difficult to measure. To the best knowledge of the authors, 
studies that directly measure coordination are lacking. However, what was found in 
the literature review is that surrogate measures are used primarily in organisational 
settings. 
Rathnam et al. (1995) studied coordination functions in customer support 
teams via 399 respondents from 41 teams. The companies involved in the project 
were Seton Hospital, Dell, Southwestern Bell, IBM, Apple and Hewlett-Packard. The 
study outlined the implications of the coordination processes and characteristics of 
information technology (IT) used to support coordination and customer support 
functions. In this study, coordination was measured indirectly using the surrogate 
measure of ‘coordination gaps’. To some extent, this surrogate measure resonates 
with Malone and Crowston’s (1994) statement that ‘good coordination is nearly 
invisible, and we sometimes notice coordination most clearly when it is lacking’. 
Coordination gaps were defined as: 
the breakdowns in the information and workflow that take place within the 
team during the enactment of customer support interaction process, due to 
either the lack of information, the presence of incorrect (IT) application, or the 
access of unusable information (Malone and Crowston 1994). 
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Subsequently, coordination gaps were measured on a six-item scale using the items: 
the number of times the customer had to repeat the problem, the percentage of times 
routine problems were resolved using processes, the delay in information transfer, the 
accuracy of information transfer, the extent to which information did not reach the 
right person, and the extent of incorrect information transfer. 
In another study of coordination among geographically distributed teams, 
Hinds and McGrath (2006) surveyed 455 individuals in 49 teams regarding their 
network, social and communication structures, and the structures’ relationship with 
coordination. They argued that, while flatter and non-hierarchical organic structures 
facilitated coordination among collocated teams for uncertain, complex and dynamic 
environments, an informal hierarchical network structure facilitated smoother 
coordination when teams were geographically distributed. Coordination in their study 
was measured using a proxy measure called ‘coordination ease’—a measure of 
respondents’ ratings of the extent to which they faced a set of coordination challenges 
in their teams. While this measure was similar to the one operationalised by Rathnam 
et al. (1995), it asked respondents to rate on a five-point scale their experience of the 
coordination challenges. The items included factors such as ‘team members having 
different priority’ and ‘team members having incomplete or inaccurate information 
about what other team members are doing’. The items on the scale ranged from 1 
(indicating ‘not at all’) to 5 (indicating ‘very much’). At the individual level, the mean 
of scores in this range was taken to indicate coordination gaps, and was reversed (6 
minus the score) to obtain a measure of coordination ease. 
While the two aforementioned studies conceptualised coordination in terms of 
gaps and ease, Faraj and Sproull (2000) made a clear distinction between 
administrative coordination and expertise coordination. According to them, the former 
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relates to ‘formal mechanisms to manage schedules, documents, and communication 
in which the team engages to accomplish its task’(Faraj and Sproull 2000). Like most 
projects undertaken in an organisational setting, the management of tasks, schedules, 
policies, procedures, deliverables, milestones and meetings is considered part of 
administrative coordination. This form of coordination can be measured on a scale 
that captures the extent of coordination on these items from very small to a great 
extent. In contrast, expertise coordination is conceptualised regarding: (i) knowing 
where expertise is located, (ii) knowing when expertise is needed and (iii) bringing 
expertise to bear. 
2.1.6 Expertise coordination process  
Faraj and Sproull (2000) stated that, in knowledge teams, expertise 
coordination is a major component for teamwork coordination. They suggested that 
there are two kinds of coordination processes affecting workgroups: administrative 
coordination process and expertise coordination process. These processes are essential 
for tasks. The administrative coordination process is needed for simple routine tasks, 
such as assigning tasks, allocating resources and integrating outputs, and this process 
is mainly for managing tangible and economic resource dependencies. However, for 
complex non-routine intellectual tasks, administrative coordination alone is 
insufficient, especially for managing knowledge and skill dependencies. For these 
tasks, the expertise coordination process is very important. In particular, expertise 
coordination will help team members recognise where expertise is located, is needed 
and can be accessed (bear). This emphasises the important point that merely having 
‘perfect’ expertise on the firm/workgroup does not mean that it will lead to better 
performance.  
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Stasser et al. (1995) examined the importance of knowing who knows what 
information—the location of expertise. In their study, they gave each participant a 
homicide mystery to read, and the participants then came together as a group to 
choose the guilty suspect. The group collectively had all the clues, but each member 
read a version of the mystery that contained only a subset of the clues that was critical 
to identifying the correct suspect. The results indicated that groups that had 
information about which members of the group had additional information about the 
guilty suspect could choose the correct suspect. Further, members of those groups 
exchanged more of the unshared clues. However, groups that did not have extra 
knowledge about who knew what (location of expertise) did not attain as effective 
results. Thus, merely notifying individual members that unshared information may 
exist does not give any benefit to a group until the actual unshared information is 
revealed, because members have no way to discover what type of information is 
unshared (Stasser et al., 1989; Stasser & Titus, 1985). Members will be unable to 
anticipate what type of information is unshared for that certain project or discussion 
of the current matter. 
However, the characteristics of unique knowledge are not always obscure. For 
instance, groups that have a record of working and interacting with one another may 
develop a division of responsibility for obtaining, processing and communicating 
specific types of information (Wegner, 1986). Some groups represent expertise to 
members, so the location of expertise can be recognised by members when the group 
has an explicit goal or expertise related to the specific domain of knowledge. 
Members in such situations will be aware both of what they know or do not know, 
and of which experts know or do not know this information (Stasser et al., 1995). 
Therefore, members who are made aware at the beginning how expertise will be 
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located and assigned among team members will increase the tendency to share unique 
knowledge in the discussion/project, and subsequently increase team performance.  
To ensure expertise coordination effectiveness, distributed, heedful and 
emergent processes must occur. First, expertise coordination processes are distributed 
because expertise is dispersed among team members. Second, these processes are 
heedful due to overlapping task knowledge, which allows flexible and supportive joint 
action. Third, these processes are emergent because answers or solutions are not pre-
specified, but are generated through interactions. These characteristics lead to 
knowing where expertise located, recognising where expertise is needed, and bringing 
expertise to bear. These are the three factors of the expertise coordination process.  
 
 
 
 
 
 
 
 
 
 
 
Figure 2.4. Three factors of the expertise coordination process 
 (Faraj and Sproull 2000). 
Expertise	
to	Bear	
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Expertise	
is	Needed
Location	of	
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2.1.6.1 Expertise location  
Knowing the expertise location requires knowing a variety of potentially 
useful expertise sources, as well as having team members who know how knowledge 
is distributed among the team, as evidenced by studies indicating that such teams are 
the most likely to increase their performance in an organisation (Hinsz et al., 1997; 
Liang et al., 1995; Stasser, 1992). 
2.1.6.2 The need for expertise  
If a team cannot recognise where and when expertise is needed, they may not 
able to bring expertise to bear even if they have expertise available in the team. This 
factor of recognising the need for expertise has almost same role as a transactive 
memory system, which can help team members identify the location of expertise, and 
where and when expertise is needed. 
2.1.6.3 Bringing expertise to bear  
Knowing the location of expertise and where expertise is needed is insufficient 
to develop solutions in time to solve a problem. There are two methods of arranging 
for expertise access. One method involves arranging expertise access within formal 
processes, such as specialised documents, corporate question-and-answer files and 
contracts for database access. This method is sufficient for straightforward and 
independent tasks that can predefine what kind of expertise is needed (Kmetz, 1984). 
The other expertise access method is for ambiguous or non-routine information tasks 
(Kraut & Streeter, 1995) or when members are not rewarded for sharing (Orlikowski, 
1992). These kinds of tasks require informal processes that offer an environment that 
supports free and content-rich interpersonal interactions (Faraj & Sproull, 2000). This 
informal process is essential for the sharing of tacit knowledge between members 
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(Nonaka & Takeuchi, 1995). Through an emergent process of informal interactions 
and sharing of expertise, team members can combine individual outputs to solve a 
problem. Moreover, teams that work together need less time for planning and have 
greater cooperation, fewer misunderstandings and lower confusion (Liang et al., 
1995). Hence, the emergent process of informal interactions and joint problems is an 
important element in terms of bringing expertise to bear. 
2.1.7 Expertise coordination measure  
Expertise coordination measures are measures developed and tested by Faraj 
and Sproull (2000) on a software development team. These measures were developed 
in a two-step process. The first process was to understand how coordination affected 
team performance, and what aspects of coordination affected team performance. To 
achieve this, Faraj and Sproull used unstructured interviews with a sample of 23 
experienced software developers. The second process was to develop the measures 
based on theoretical sources from the literature (Hackman, 1987; Liang et al., 1995; 
Weick & Roberts, 1993). 
Type of expertise 
coordination 
Description of items (* items reversed) 
Expertise coordination The team has a good ‘map’ of each other’s talents and skills 
Expertise location Team members are assigned to tasks commensurate with their task-relevant 
knowledge and skill 
Team members know what task-related skills and knowledge they each 
possess 
Team members know who on the team has specialised skills and 
knowledge that is relevant to their work 
Expertise needed Some team members lack certain specialised knowledge that is necessary to 
do their task 
Some team members do not have the necessary knowledge and skills to 
perform well, regardless of how hard they try 
Some people on the team do not have enough knowledge and skills to do 
their part of the team task 
Bringing expertise to 
bear 
People in the team share their special knowledge and expertise with one 
another 
If someone in the team has some special knowledge about how to perform 
the team task, he or she is not likely to tell the other members about it  
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There is virtually no exchange of information or knowledge, or sharing of 
skills among members 
More knowledgeable team members freely provide other members with 
hard-to-find knowledge or specialised skills 
Table 2.6 Items Measuring Expertise Coordination (Faraj & Sproull, 2000) 
When the measures were adapted to this particular study, there was little 
modification required. On a five-point Likert scale, the original study used scale 
anchors ranging from ‘to a very small extent’ to ‘to a very large extent’. For this study, 
the scale anchors were changed to range from ‘strongly disagree’ to ‘strongly agree’.  
On the point of the ‘performance of networks’, the independent variable for 
the study here was properties of social networks (i.e. at the network, actor and 
relational levels). The network data gathered here are organic, in the sense that 
respondents reported who they would seek advice from during disaster or emergency 
situations. The performance of such networks, where the network here is an 
independent variable, is thus irrelevant for the purpose of the study. 
2.2 Dynamic Network Coordination 
Coordination as a theory has been evolving, especially within an 
interdisciplinary domain. Coordination is contextualised in different applications and 
domains. This contextualisation applies to coordination mechanisms, modelling and 
measures (Abbasi et al., 2010; Comfort, 2007; Krauss et al., 2004; Luke & Harris, 
2007). Therefore, many models and mechanisms of coordination have been developed 
(Denis, 1995; Edgington, 2010; Moore et al., 2003). Some of the models were 
developed based on product or market hierarchy or centralisation. Other mechanisms 
were based on direct supervision, standardisation (Mintzberg, 1979) or feedback 
(March & Simon, 1958). Recent research uses network structures to model complex 
coordination situations, especially in large environments (Hossain & Uddin, 2012; 
Kwait et al., 2001). 
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Table 2.4 displays the four coordination models proposed by Malone (1987), 
which enforce the precondition that the environment is perceived or predictable 
enough for interdependencies or activities to be characterised sufficiently to enable 
predefined mechanisms to be designed for various possibilities. In other words, the 
processing demands of the predicted environment are matched by the interdependent 
activities that are generated by the interdependent organisational units (Faraj & Xiao, 
2006). However, in dynamic environments, such as disaster management, such 
models are inadequate to reflect the true complexities and uncertainties. Therefore, it 
is necessary to reshape the concept of coordination so that attention and this is 
particularly important for complex knowledge workgroups, such as in the disaster 
management domain, where there is less dependence on formal structures, 
interdependence is changing, and work is undertaken in teams. Complex knowledge 
workgroups are dynamic and time-constrained settings; thus, it is necessary to apply 
specialised skills (expertise, experts) and knowledge in a timely manner (Faraj & 
Sproull, 2000; Faraj & Xiao, 2006). The complexity of these organisations requires 
new approaches to understand coordination and model the ‘interdependent delivery 
system’ between organisations to achieve goals (Hage, 1975; Kuo & Yen, 2009). 
2.2.1 Formal coordination in dynamic environments  
The literature evidences that, as an organisation develops and evolves, it 
becomes more dynamic and networked (Salancik, 1995). Members of dynamic 
organisations rely on each other to deliver services and products by using a networked 
system with ICT support, communication solutions and collaboration tools. These 
members of dynamic organisations are likely to be dependent on each other to deliver 
the intended service or product.  
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Many organisations or departments, except perhaps military ones, no longer 
have a single line of authority. Many implement multiple lines of communication—
some that are authoritarian, some that are advisory, some that have information flow, 
and some that focus on resource distribution. Most of these lines of communication or 
coordination are established according to need. These communications are temporal, 
ad-hoc, mutually adjusted, and hence dynamic (Mintzberg, 1979).  
In such new dynamic and complex organisational environments, the standard 
hierarchal coordination structures are no longer sufficient. Thus, it is necessary to 
examine coordination in dynamic contexts to adapt to complex environments. This 
coordination is viewed as an emerging type that is a typical complex adaptive system 
(Comfort 2001). 
2.2.2 Informal coordination in dynamic environments  
Another form of effective coordination is informal coordination. Chisholm 
(1992) described informal coordination as: ‘Coordination without hierarchy’. 
Roethlisberger et al. (1947) stated that: ‘Too often it is assumed that the organisation 
of a company corresponds to a blueprint plan or organisation chart. Actually, it never 
does’. Traditionally, organisations have been viewed through the organisation chart 
lens (Chung et al., 2005), which shows hierarchical relationships, such as reporting 
lines and work divisions. However, more recent research confirms that people transfer 
their social behaviour to their organisations (Mayo 1949), thereby creating informal 
networks in every organisation. 
Cross et al. (2004) specified that, ‘work increasingly occurs through informal 
networks of relationships rather than by formal reporting structure of detailed work 
processes’. These informal networks are not part of the design of the organisation, yet 
they are a crucial factor of the life of organisation; they cannot be controlled, but 
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merely observed and influenced (Waldstrøm, 2001). One positive motive to establish 
informal networks is ‘to get things done’ when individuals in organisations tend to 
seek help and exchange favours with others (Baker 1981, Han 1983). Hence, informal 
coordination fills the blank spaces that exist in formal coordination. 
 
 
Figure 2.5. Formal network. Source: Chisholm (1992). 
 
Figure 2.6. Informal network. Source: Chisholm (1992). 
A formal network, as shown in Figure 2.5, indicates how Situation A uses the formal 
network to operate between Organisations 1 and 2. Intra-organisational 
communication must go through the formal layers of the hierarchical structure, before 
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inter-organisational communication occurs through the designated channel. This 
process is frequently laborious and time consuming. In Situation B shown in Figure 
2.6, informal emerging communication is built on reciprocity and trust, which cuts 
through the layers of authority to enable direct contact between parties and provide an 
effective remedy to slow formal channels. Informal communication occurs through 
more direct and shorter communication channels between two organisations. This 
means that when Person V needs to talk to Person X, they do not have to escalate the 
issue all the way to Person K and J to pass a message to Person X; rather, they just 
communicate directly. In this way, they are saving time and costs. Moreover, in the 
disaster management domain, this system could save lives, given that, in disaster 
management, time and communication are a crucial element. 
2.3 Coordination in Disasters 
Wide-ranging disasters are categorised by catastrophic destruction. Most of 
the time, a lack of coordination characterises such disasters. Technological, human-
made and natural disasters are typically followed by chaos that results from an 
inadequate overall response (Abramson, Chao, Macker, & Mittu, 2008). Preparedness 
is the best response to emergencies; thus, a multi-agent-based approach to coordinate 
decision support systems often plays a significant role in disaster management and 
response. However, the diverse aspects of coordination make it difficult to determine 
an integrated approach for continuous control. In addition, there can be different types 
of coordination, such as physical coordination between emergent agencies or local 
agencies, and administrative coordination. 
This study focuses on the advice network used by emergency agencies to 
access and share expertise during a disaster to ensure prompt and accurate decisions, 
and to determine what kind of social network properties are the most effective and 
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efficient for the disaster management agency network. Coordination is necessary 
when a task needs to be accomplished by interdependent activities. Disasters usually 
require an emergency response system, which is regarded by many researchers as a 
complex adaptive system (Uhr 2009). However, this system it is limited to the 
hierarchal top–bottom mechanistic command and control structure to deal with 
complexity. In complex and turbulent environments, such as during disasters, 
organisations often develop an informal network, so they can work together to pursue 
common goals, address concerns and attain mutual benefits (Kapucu, 2005). 
2.4 Coordination and Social Network Theory 
In an organisation or discipline, coordination occurs naturally when members 
work together to achieve common goals. When members work together, there is 
interaction, and when firms work together, there is interlinking between firms. These 
interactions or interlinking activities automatically create relationships or ties. This 
indicates the importance of social ties for coordination. In addition, the components of 
coordination—such as actors, activities, goals and interdependencies—support the 
importance of ties and network effects for coordination (Hossain & Khatri, 2006). 
Olson and Carley (2008) stated that coordinating is a significant phenomenon 
occurring in a broad type of social and technical systems. They examined how the 
interaction network affects overall levels of coordination (Olson & Carley, 2008). 
Kearns (2007) developed a game theoretic framework called ‘graphical games’. In 
this experiment, actors were restricted to influencing their immediate neighbours in 
the social network in which they were located. Each actor had control of a single 
vertex/node in the network, and the task was to indirectly coordinate with his or her 
neighbour actors to achieve the same colour result. The actors had to solve this game 
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with limited knowledge of the network—that is, they could only see immediate actors, 
who they could not influence. Figure 2.7 presents an example of this game. 
 
 
 
 
 
 
 
 
Figure 2.7. An example of the graph colouring coordination problem.  
Source: Olson and Carley (2008). 
The results of the experiment indicated that there was a significant network effect 
when actors had to coordinate. There is strong evidence that an actor’s or individual’s 
position in the social network plays an imperative role in influencing their 
performance or productivity (Cataldo et al., 2007). In addition, the above results 
indicated that the structure of the interaction network could influence coordination 
(Olson & Carley, 2008). 
Chwe (2000) used a coordination game to determine whether a network can 
help coordination. Through the results of the coordination game—in which 
participants used a communication network to tell each other their willingness to 
participate—Chwe found that a network helps coordination in two ways: (i) by 
informing each stage about an earlier stage and (ii) by creating common knowledge 
within each stage in the coordination process. In addition, Chwe considered social 
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network theory and game theory together to answer a question about which structures 
are most helpful to coordination, and to indicate that structure and strategy are related 
in interesting ways. The results demonstrated that ‘low dimensional networks—
strong-tie network and fewer links—are better for coordination’. 
In more recent developments, there have been studies in the area of social 
networks that have used social network analysis techniques to measure coordination. 
In Hossain et al.’s (2006) study on the coordination of project teams using the Enron 
email corpus, coordination was defined based on Malone and Crowston’s (1994) 
framework of dependencies and coordination processes (such as the 
producer/consumer relationship, managing simultaneity, task dependencies and 
shared resources). Based on this framework of dependencies, a measure of 
coordination was computed using a four-step text-mining approach, as follows: 
1. extraction of sentences in the email content that reflected any of the 
dependencies/processes of coordination theory (these sentences were 
classified accordingly) 
2. extraction of phrases that reflected coordinative activity from the sentences 
3. assignment of weights to each of the phrases based on their level of 
significance (determined by the number of people who used the phrases 
and the frequency with which they used them) 
4. using the key phrases’ weights to sort and order the key phrases within 
each dependency/process category. 
The individuals in the Enron email corpus were then assigned a coordination score 
based on the weights of the phrases and the frequency with which they were used in 
all of their email communications. Ultimately, an overall coordination score was 
computed for individuals, which correlated to their social network attributes, such as 
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centrality. The outcome of the study enabled understanding how social network 
structures affect an individual’s ability to coordinate. 
There have also been other studies using social network analysis to understand 
coordination problems (Hossain & Kuti, 2010; Kapucu, 2005). For example, Hossain 
and Kuti (2010) used social network measures of centrality, clique analysis and 
egocentric measures of tie strength to assess an (emergency service) organisation 
actor’s state of coordination readiness in extreme conditions. Their study analysed 
224 pieces of survey data from the United States (US) state law enforcement, state 
emergency services and local law enforcement about emergency preparedness. The 
study found a positive correlation between network connectedness and potential to 
coordinate.  
2.5 Theories of Social Networks 
A network is described by its structure, such as nodes and links, while network 
behaviour is a result of the interactions among these nodes and links. A network is a 
demonstration or model of observable actuality, not that actuality itself; thus, 
networks are diagrams that symbolise something real (Machlup, 1962). There are two 
main streams of studies on networks: (i) studying the structures of a collection of 
nodes and links that represent something real and (ii) studying the dynamic behaviour 
of the aggregation of nodes and links. Network studies allow questions such as: what 
happens over time as a network evolves, and why does it happen? Lewis (2008) 
suggested that the most significant result of a network study correlates with the 
function and structure. 
The definitions of a social network and a network are similar. A social 
network is a set of actors (things or people) that have interconnected systems (Garton 
et al., 1997; Wellman, 1996). Moreover, a social network is a depiction of a 
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conceptual, social structure. It has the ability to present unseen social forces. Actors’ 
interactions with each other are ‘relations’, and these relations with other actors form 
ties (Chung, 2008). Multiple relations of ties are called ‘multiplex ties’ 
(Haythornthwaite, 2002). There are different types of ties, such as weak ties and 
strong ties—depending on the number of resources they exchange, and the frequency 
and intimacy of the exchange (Marsden & Campbell, 1984). 
Social network theory traditionally developed in the field of sociology and 
anthropology (Chung, 2008; Freeman, 2004; Hummon & Carley, 1993; Scott, 2000). 
Most recently, social network studies have achieved significant recognition in both 
theory and method due to their influence on social capital, knowledge management 
and organisation behaviour research areas (Freeman, 2004). For example, most social 
network academic papers deal with family, socialisation, the sociology of health, 
medicine and acquired immune deficiency syndrome (AIDS), and drug abuse 
(Borgatti et al., 2009; Meltzer et al., 2010; Otte & Rousseau, 2002). 
Thus, social network studies have matured to a stage where they extend to 
several disciplines. Leavitt (1949) and Bavelas (1950) were pioneers of studying the 
effect of the sociometric aspects of communication patterns on performance. Their 
work is known as the ‘1950s experiment’ or the ‘MIT experiment’. This experiment 
was a significant milestone that revitalised strength in research on network structures 
and performance. In this experiment, the channels and flow of communication were 
controlled, and none of the actors knew each other or the number of actors in the 
experiment. Four communication structures were examined. The actors in the 
experiments had to solve a puzzle with the other actors, who were in enclosed 
cubicles. 
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Two evaluations were undertaken through the experiment: one compared 
patterns of structures, while the other used node-level analysis. Through a comparison, 
it was suggested that the star and Y structures had faster communication patterns than 
the other structures. Because as Leavitt (1951) explained that centralisation is the key 
to influencing performance, which means that a structure with greater centralisation 
performed better. In addition, when actors communicated through one central actor, 
the information was coordinated and shared more successfully, fewer messages were 
needed for actors to solve issues in a structure, and fewer errors occurred, compared 
to the other structures, such as the circle and line structure. The results of the node-
level analysis also proposed that greater centralisation tended to encourage a leader to 
emerge during the task processes, which led to better performance. In short, the 
argument from Leavitt and Bavelas is that information flows more successfully in a 
centralised network, and this leads to better performance. 
 
 
 
 
 
Figure 2.8. The Y, star, circle and line structures. 
However, a few years later,Guetzkow and Simon (1955) suggested that 
centralised structures do not necessarily lead to better performance. They proposed 
that the effect of structures depends on the difficulty of tasks in a network. If a task is 
too complicated for one individual, the central nodes will be overwhelmed with 
communication. In this context, a decentralised structure—such as the all-channels 
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structure, assuming there are no overloaded ties—allows actors to have a chance to 
negotiate about the direction of communication and task type, or discuss which actor 
needs to be a broker for certain communication. This pattern of communication tends 
to be more efficient for actors to perform more successfully in a complex network 
(Guetzkow & Simon, 1955).  
 
 
 
 
Figure 2.9. All-channels structure. 
 
Ultimately, centralisation in a network helps enhance the performance of simple tasks, 
while decentralisation in a network leads to the efficient performance of complex 
tasks. Table 2.7 summarises this information. 
Variable Simple task Complex task 
Least messages Centralised Centralised 
Least time Centralised Decentralised 
Least errors Centralised Decentralised 
Most satisfactory Decentralised Decentralised 
Table 2.7 Centralisation and Decentralisation Structures (Borgatti 1996) 
The studies of Bavelas (1950), Leavitt (1951), Guetzkow and Simon (1955) were very 
important for network structure and performance research. Their conceptualisation of 
communication patterns in social structure and position aspects enhanced and created 
new avenues for research in this area. 
2.5.1 Network measures  
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As described above, there is an inherent relationship between structural 
centrality in a network and its influence on actors’ performance. However, there was 
no clear conceptualisation of centrality until Freeman (1978) clarified the notion of 
centrality and helped scholars apply and extend the notion of structural centrality to 
node and network level. Freeman’s conceptual foundation of centrality became a core 
concept in social network studies. Freeman defined centrality in terms of points, 
betweenness and closeness centrality these two centralities carries significant 
implications on a social outcome and processes.  
Structurally, centrality is measured concerning closeness (number of ties to 
and from an actor), betweenness (shortest path to all others in the network) and degree 
(counting the number of ties to and from an actor). These three centrality concepts 
carry different indications. Degree centrality is an indication of an actor’s 
communication activities. Betweenness centrality is an indication of the potential of 
an actor’s control over communication. Closeness centrality is an indication of the 
minimum cost of time and efficiency for communicating with other actors in the 
network. A summary is shown in the table below. 
Types of centrality Measure Indication 
Closeness centrality The extent to which an actor is 
close to all others in the 
network. 
An index of the minimum cost of time 
and efficiency for communicating with 
other actors in the network. 
Betweenness centrality  The extent to which an actor lies 
in the shortest path to all others 
in the network. 
An indicator of the potential of an 
actor’s control over communication. 
Degree centrality The number of ties to and from 
an actor. 
An indicator of an actor’s 
communication activity. 
Table 2.8 Types of Centrality and it’s Measures and Indication Freeman et al. (1979) 
Freeman et al. (1979) studied how human communication is affected by 
structural centrality, and the results demonstrated that centrality is a factor that 
influences actors’ leadership, satisfaction and efficiency. More interestingly, out of 
the three centrality types, only two showed a very significant effect on performance: 
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betweenness and degree centrality. Freeman et al. discovered that the overall density 
of communication paths in their structural form was relevant to performance. This 
result led to research questions such as ‘what kind of structure influenced what types 
of performance?’ (Freeman et al., 1979). The notions of centrality, density and 
centralisation have been the key measures in network studies, such as task efficiency, 
improved performance and project coordination (Ahuja et al., 2003; Faust, 1997; 
Mullen et al., 1991; Pfeffer, 1980; Salancik & Pfeffer, 1978; Sparrowe et al., 2001).  
Hypothesis 1: Closeness centrality is positively associated with coordination 
of expertise. 
Hypothesis 2: In-degree centrality is negatively associated with coordination 
of expertise. 
Hypothesis 3: Betweenness centrality is positively associated with 
coordination of expertise. 
Hypothesis 4: Network density is negatively associated with coordination of 
expertise. 
2.5.2 Structural position and ties strength  
Burt (1992) made a significant contribution to network study by shifting the 
focus from network structure and network relations to network position. Burt 
suggested that structural holes offer a novel aspect of explaining why actors perform 
differently. A structural hole is a gap or absence of ties in a network. Actors who 
bridge these holes are likely to perform better because the actor will connected two 
separate sources through him or her. Therefore, actors who occupy structural holes are 
in a better position to interact with other actors and gain access to information, which 
allows them to have opportunities for control and benefit (Ekstedt, 1988, 1989). 
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Figure 2.10. Structural hole diagram. 
Hence, networks with more structural holes have a wider range of coverage in terms 
of access to information and the timeliness of information. A network that has less 
redundancy has the advantage of diverse information (Faraj & Sproull, 2000).  
 Burt (1992) asserted that capitalising on structural holes is the best way to 
optimise a network. He claimed that it is important to eliminate redundant contacts, 
which leads to delivering the same information to the same people. Therefore, in 
order to attain efficiency of a network, one must decrease redundant contacts in one’s 
network. A network that is highly inefficient also means a network is constrained 
(Burt, 1992, p. 55). Consistent with these arguments, it is expected that individuals in 
knowledge-intensive work thrive on useful knowledge and information from their 
peers. An individual in knowledge-intensive work with an efficient and unconstrained 
network structure is more likely to obtain useful knowledge from diverse and non-
redundant contacts. Therefore, the following hypothesis is formally derived as: 
Hypothesis 5: Constraint of an individual’s network position is negatively 
associated with coordination. 
For an entire system, the structure of relations between actors and the location 
of actors in the network have important behavioural, perceptual and attitudinal 
consequences (Knoke & Kulinski, 1992). However, at the individual level, both 
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structural position and actors’ relational components in the network affect actors’ 
performance. Borgatti et al. (1998), Mehra et al. (2001), Sparrowe et al. (2001) and 
Reagans and McEvily (2003) demonstrated that, as much as structural position plays a 
vital role in affecting individual performance, tie strength also has significant effects 
on performance. 
Granovetter (1973) suggested that individuals gain more novel information 
from weak ties, rather than strong ties. Weak tie strength theory stands by the 
assumption that individuals are able to maintain ties in their network consistently over 
time, and consequently contribute to the same personal network. Individuals in this 
kind of network have strong-tie relationships, with information originating and 
circulating at a very high velocity among individuals and clusters, and tending to 
become obsolete or redundant rapidly. Individuals who are bound by strong ties are 
not conductive to innovation. This type of network is called a closed network, and 
does not generate new information. Therefore, Granovetter (1973) suggested that only 
through weak ties novel information could diffuse into the network. In addition, weak 
ties serve as a bridge to connect different clusters of people from where new 
information originates. 
However, researchers have found that not only weak ties are significant and 
related to individual and group performance, but that strong ties are also important, 
especially for generating trust within a group (Krackhardt, 1992). Krackhardt (1992) 
demonstrated that strong ties are important and should not be ignored. He studied a 
Silicon Valley firm’s advice and friendship network of 36 employees. Another study 
by Levin and Cross (2004) examined 127 knowledge-intensive workers from a 
pharmaceutical company, bank and oil and gas company. Both above studies found 
that strong ties offer benevolence- and competence-based trust in the network, which 
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allows individuals to receive useful knowledge to improve their performance in 
knowledge-intensive work. However, when the research model was controlled by the 
two dimensions of trust, weaker ties provided access to non-redundant information in 
the network (Hansen, 1999). Hansen (1999) examined an organisation’s tie strength 
for transferring complex knowledge and performance, measured in terms of 
completion times. The results of the experiment are summarised in the conceptual 
model proposed by Hansen, and displayed in Table 2.9. 
  Tie strength 
Strong Weak 
Non-codified, dependent 
knowledge 
Low search benefits, moderate 
transfer problems 
Search benefits, severe transfer 
problems 
Codified, independent 
knowledge 
Low search benefits, few 
transfer problems 
Search benefits, few transfer 
problems 
Table 2.9 Searching and Transferring Effects Associated with Four Combinations of 
Knowledge Complexity and Tie Strength (Hansen, 1999) 
As shown above, Hansen (1999) demonstrated that weak ties provide the 
benefit of completing simple tasks more quickly than strong ties, and enable a faster 
search for useful knowledge. In contrast, strong ties foster a complex knowledge 
transfer process more successfully than weak ties. Weak ties slow the transfer process 
when knowledge is highly complex. Reagans and McEvily (2003) completed a similar 
study on tie strength, and found that tie strength has a significant positive correlation 
with the ease of knowledge transfer in performing knowledge-intensive tasks. 
Additionally, they found that individuals who had ties to different knowledge pools or 
diverse ties had a positive association with easy knowledge transfer. Therefore, tie 
strength may have a positive role for individuals in knowledge-intensive work to 
perform more successfully. 
Hypothesis 6 : Tie strength is positively correlated with expertise coordination. 
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Freeman (1978) and Burt (1992) examined the number of ties as a significant 
predictor of individual performance. The number of diverse of ties indicates network 
size (Burt, 1992) and degree centrality (Freeman, 1978). Cross and Cummings (2004) 
found that both individuals’ number of ties and individuals’ diverse ties with other 
individuals at higher hierarchy levels and different geographical locations could 
achieve better performance. These findings suggest that ties that cross departmental 
boundaries and geographic barriers (including those that reach senior personnel) 
enhance the diversity of information flow, especially for knowledge-intensive 
workgroups, which involve complex work with high integration of specialised 
knowledge. Hence, individuals who are structurally diverse can reach higher levels 
and diverse information. These people tend to perform better when exchanging 
knowledge externally with other individuals in their professional network (Cummings, 
2004; Monge et al., 1985) because they are more likely to be exposed to unique and 
relevant information, which offers advantages to help solve complex issues. 
2.6 Effects of ICT Use on Social Networks and Coordination 
There is a fundamental assumption that actors’ outcomes in a group derive 
from both the network structure and correlations of a tie (Chung & Hossain, 2008). 
Many social network studies have focused on the effect of network structure or tie 
relationship in an organisational context (Cross & Borgatti, 2004; Feld, 1981; 
Krackhardt, 1992; Oh et al., 2004). However, because contemporary society is 
situated in an advanced era of ICT, it is almost impossible to consider communication 
without considering an ICT medium in an organisation (Chung & Hossain, 2009). In 
particular, actors (individuals) who work in a dispersed environment use ICT to 
facilitate communication and transfer information to one another (Chung & Hossain, 
2008). Nardi (2005) stated that as ICT has been revolutionary developed in virtual 
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dimension of a communication environment, it is a different recourse to communicate, 
compared to traditional methods of communication. Therefore, personal relationships 
do not only rely on face-to-face interaction, but also use forms of ICT, such as email, 
telephone, blogs, the internet and so forth. Orlikowski (1992) illustrated the idea of 
ICT use of interaction between technology, institutional properties and human agents. 
 
 
 
 
 
Figure 2.11. Orlikowski’s (1992) model of the duality of technology. 
 
Other scholars have attempted to conceptualise ICT use and understand the 
effects of ICT on the individual experience of information system and technologies 
(Anderson & Jay, 1990; Davis, 1989; Fulk et al., 1990; Montano & Dillon, 2005; 
Salancik & Pfeffer, 1978). Sproull and Kiesler (1991) also categorised the effect of 
ICT use as an efficient and social communication structure. The current study focuses 
on the use of ICT in professional advice networks, and endeavours to understand how 
actors use ICT to achieve expertise (special information) to accomplish their tasks 
during times of need. 
Hypothesis 7: Use of ICT for professional communication activities is 
positively associated with coordination of expertise. 
Hypothesis 8 : Use of ICT for professional communication activities is 
positively associated with social network properties at the network, actor and 
tie levels. 
 Institutional 
Technology Human agents 
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2.7 Effects of Training on Social Networks and Coordination 
Since around 1993, scholars have noted that organisations have shifted to a 
team-based work culture, rather than individuals working on individual projects (Ilgen 
1993). Organisations sensed that, when a project was done in teams, the result was 
more effective than when individuals did the project alone because all team members 
have a common valued goal and object, and naturally share the workload and combine 
their different areas of expertise (Mathieu, Heffner, Goodwin, Salas, & Cannon-
Bowers, 2000). Hence, many researchers sought to develop team- and task-specific 
training (Liang et al., 1995; Marks, Sabella, Burke, & Zaccaro, 2002; Marks, Zaccaro, 
& Mathieu, 2000). However, specific task training was unappealing to organisations 
because, as time passes, team members have to regularly change tasks and work 
environments. Thus, it was necessary to propose training that has the concept of a 
constant state of retraining (Salas, Burke, & Cannon-Bowers, 2002). 
Ellis et al. (2005) examined training’s effects on team members’ knowledge of 
generic teamwork competencies and transferring knowledge for team tasks. Ellis et 
al.’s training for cognitive and skill-based team outcomes had a positive team 
performance effect. Importantly, they found that declarative knowledge was different 
across team members, subject to roles and responsibilities. In addition, the team 
member in the critical position in the network gave the most benefit to the team in 
terms of knowledge sharing. However, this result was based on an experiment with 
260 students from the Midwestern University in the US, in a simulated independent 
command-control team. Therefore, the current study is important in terms of 
exploring the relationship between training and coordination expertise in knowledge-
intensive workgroups because this is a step away from the laboratory context towards 
the natural organisational environment.  
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Hypothesis 9: Team members who have attended/received training will 
present advanced levels of coordination of expertise. 
2.8 Disaster Management/State Emergency Service 
2.8.1 Definition of disaster  
 Natural disasters are unavoidable and have rapidly increased during the last 
two decades (Sahay & Gupta, 2016). Barkun (1974) stated that ‘a disaster is perhaps 
easier to recognise than to define’, and there is no single clear definition of disaster 
that can be accepted universally (Turner & Pidgeon, 1997). There are different views 
of disaster based on different research backgrounds. For example, for social and 
behavioural scientists, a disaster refers primarily to the effect of disaster agents, 
secondly to the social disruption resulting from an event with physical effects, and 
thirdly to an imbalance in the demand–capability ratio in a crisis occasion (Quarantelli, 
1985; UNISDR, 2013). Parker (1992) reviewed the concept of disaster and suggested 
that the preferred definition of a disaster is an: 
unusual natural or man-made event. Disaster also means an event caused by 
failure of technological systems, which temporarily overwhelms the response 
capacity of human communities, groups of individuals or natural environments. 
Which causes massive damage, economic loss, disruption, injury, and/or loss 
of life. 
The concept of disaster is broad and encompasses physical destruction, as well as 
social disruption. 
2.8.2 Disaster management. According to the United Nations International 
Strategy for Disaster Reduction Unit (UN/ISDR, 2002), disasters can be classified 
into three groups, as outlined in Table 2.10. 
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 Natural disaster unit Technological disaster unit 
Group 1 Hydro-meteorological disasters Industrial accidents 
Types of disaster Floods and wave surges, storms, 
droughts and related disasters 
(extreme temperatures and 
forest/scrub fires), and landslides 
and avalanches 
Chemical spills, collapses of 
industrial infrastructure, explosions, 
fires, gas leaks, poisoning, radiation 
Group 2 Geophysical disasters Transport accidents 
Types of disaster Earthquakes, tsunamis and 
volcanic eruptions 
By air, rail, road or water means of 
transport 
Group 3 Biological disasters Miscellaneous accidents 
Types of disaster Covering epidemics and insect 
infestations 
Collapses of domestic/non-industrial 
structures, explosions and fires 
Table 2.10  Types of Disasters and Their Details (UN/ISDR, 2002) 
Disaster management involves more than just response and relief. It assumes a 
proactive approach and has a systematic process (based on the key management 
principles of planning, organising and leading, which includes coordinating and 
controlling) that aims to reduce the negative consequences of adverse events. 
Disasters cannot always be prevented, but the adverse effects can be minimised. The 
term ‘disaster management’ is interchangeable with ‘emergency management’ (Moe 
& Pathranarakul, 2006). Disaster management involves plans, structures and 
arrangements established to engage the normal endeavours of governments, voluntary 
agencies and private agencies in a comprehensive and coordinated manner to respond 
to the whole range of emergencies. These activities are performed in an urgent 
manner when there is an inception of disaster occurrence, and governmental 
departments and agencies are at the centre of these activities. 
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Figure 2.12. Disaster management cycle—different stages before and after a disaster. 
Source: Khan et al. (2008). 
Disaster management consists of five phases: prediction, warning, emergency 
relief, rehabilitation and reconstruction. Within these phases are four essential 
activities: mitigation, preparedness, response and recovery (Jayaraman et al., 1997). 
Figure 2.12 illustrates five phases with essential activities. Historical accounts have 
demonstrated that successful disaster management is achieved through careful 
planning and management of organisational activities during the different phases of 
the disaster cycle, especially during prevention and mitigation. In order to manage 
large-scale disasters effectively, the responses from various stakeholders must be 
managed. These stakeholders include the public, multiple governments, and non-
government organisations, including decision makers from multiple jurisdictions. The 
majority of response management is triggered by government agencies and 
organisations, as they have the capacity to act as the primary custodians of public 
safety, lives and property. Therefore, government and non-government organisations 
need to work together in almost all phases of disaster management (Christophe, 2009). 
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Disaster management involves collaborative decision-making activities that 
are often characterised by a high level of complexity and involve different sources of 
knowledge distributed across time, space and people. Moreover, the much-needed 
knowledge to make an appropriate decision is often not located at one place, but in 
many difference places. For example, when disaster managers receive a tsunami alert, 
the data attained from ocean level checks will be delivered from various coastal areas 
(Othman et al., 2014). However, complexities that are unique to disaster management 
continue to plague efficient management and coordination. One of these complexities 
deals with the nature of disasters themselves. For example, the 2005 Hurricane 
Katrina struck in areas where hurricanes had never struck before. Thus, these areas 
were unprepared, as were the government officials and it was difficult for emergency-
related department officials from local government to cope with an effective response 
(Elliott & Pais, 2006). As a result, specialised knowledge related to corrective 
learning from disasters (expertise knowledge location) was frequently unavailable or 
inaccessible. 
Information inaccuracies and distortion are another complexity in disaster 
management (Kim-Chung et al., 2014). In terms of decision making, in the event of a 
disaster, the officials who obtain the most accurate disaster-related information are 
usually the ones onsite. However, they tend to deliver information and opinions to 
senior officials via several layers of their organisation, so that information becomes 
distorted or misrepresented. For example, in the case of Hurricane Katrina, because of 
such information distortion, decision makers at the federal level were incompetent in 
making timely and appropriate decisions, thereby resulting in massive damage to lives 
and property. Thailand’s 2004 tsunami disaster is another example. One of the main 
causes of problems was that the country lacked a master plan for disaster management 
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(Moe & Pathranarakul, 2006)—it had no specified responsible unit for disaster 
management at the national level. The unclear line of command from top to 
provincial-level authorities, lack of effective coordination among multi-organisations 
at different levels, and lack of information/knowledge management or a database 
system slowed decision making at the national level for emergency relief activities 
and reduced any chance of minimising the effects of the disaster (Moe & 
Pathranarakul, 2006). Therefore, coordination between multi-organisations with 
expertise knowledge management (that is, where expertise is located, when expertise 
is needed, and how to bring expertise to bear) is crucial for efficient and effective 
disaster management. 
2.8.3 Context of the study—State Emergency Service of New South Wales, 
Australia.  
The State Emergency Service (SES) is an Australian rescue emergency agency 
that commenced in 1955 after devastating floods across the Australian state of New 
South Wales (NSW). The SES currently has 8,700 volunteers and 291 paid members. 
The SES has 228 volunteer units in metropolitan areas and 17 units in regional areas, 
which are supported by local government. In addition, it has one state headquarters in 
Wollongong, NSW. The SES is a leading disaster agency and works as the state 
emergency and rescue management under the Act 1989(2015). Likewise, the SES 
commonly assists the NSW Police Force with investigations for evidence and missing 
people, and supports the Ambulance Service of NSW with community first responder 
volunteers in rural locations around the state (SES, 2015).  
The types of emergency conditions with which the SES deals are very broad; 
however, the main work of the SES is to manage the consequences of floods, storms 
and tsunamis. These natural dangers account for more than two-thirds of the cost of 
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natural disasters in NSW. Each SES unit is distinctive in its design of work because 
each area offers different risks and roles. Volunteers manage three radio outstations 
that provide radio communication if normal communications systems fails. Through 
2013 and 2014, the SES had major reforms focused on executive implementation 
plans, recruitment practice, performance management and misconduct management. 
As a result, the SES organisation chart has been altered to a simple and direct system 
that reports straight to the SES commissioner.  
 
Figure 2.13. Organisational chart of SES. Source: SES (2015). 
The NSW SES has six different major performance sectors, comprising six 
different services. First, the office of the commissioner oversees strategic direction, 
corporate communication, governance and business improvement, change 
management and ministerial liaison. Second, the human service sector offers human 
resources, work health and safety, training and education, critical incident, 
counselling services and chaplaincy services. Third, the finance and logistics sector is 
responsible for precise and timely transfer of accounting, banking, budgetary, taxation, 
auditing and financial administration for NSW SES, including for 17 regional 
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headquarters. Fourth, the operations directorate sector is responsible for providing 
operational support to the 17 regions and members. Fifth, the directorate support helps 
the SES prepare for emergencies. Sixth, the community safety directorate consists of a 
geographical information system branch, emergency risk management branch and 
community engagement branch, with a multidisciplinary approach that focuses 
entirely on enhancing community safety. 
In the SES, as in other organisations, official communication should flow 
according to the organisation chart in Figure 2.13. The SES not only works as an 
independent emergency agent, but also works with other emergency agencies, such as 
the Bureau of Meteorology, city councils, community representatives, the fire 
department, the police department and the health department. The SES information 
flow chart is illustrated in Figure 2.14. This flow chart was developed by the current 
study after undertaking a preliminary interview with the managers of the SES head 
office. More details of this interview are presented in Chapter 4. 
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Figure 2.14. SES information flow chart (see appendix G for a larger picture). 
 
2.9 Towards Model Coordination through Social Network Theories 
In terms of the research model, there was no traditional model that could fit 
with the aims of this research; thus, it was necessary to develop and propose a model 
for this specific study based on the literature reviews. This research model is called 
the ‘coordination through social network theories model’. This model is introduced in 
three ways to demonstrate it was developed over time and through the literature 
review. 
2.9.1 Conceptual model  
Conceptual model is a high level of the research model. This model is made of 
the composition of concepts that are used to help people know, understand or simulate 
the subject the model represents. This conceptual model was developed after a 
conceptualisation process through the literature review.  
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Figure 2.15. Conceptual model of coordination through social network theories. 
 
Conceptual models represent the intentions of the research model. A conceptual 
model's primary objective is to convey the fundamental principles and basic 
functionality of the system that it represents. In addition, a conceptual model must be 
developed in a way that provides easy understanding of system interpretation for the 
research model (Mylopoulos, 1992). 
2.9.2 Theoretical model (research model)  
The theoretical model of the coordination through social network theories model is 
based on the conceptual model presented in Figure 2.15. The theoretical model is still 
in abstract stage with the logical structure of meaning, which guides to develop the 
study further. This theoretical model is based on key concepts and the relationship 
between other concepts. 
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Figure 2.16. Theoretical model of coordination through social network theories. 
 
2.9.3 Operationalisation model  
Finally, the operational model presents measures of each conduct in the 
theoretical model. In order to operationalise the variables of the theoretical model 
(conceptual model) in Figure 2.16, it is necessary to develop an operationalisation 
model that defines the variables. Babbie (2006) stated that when the conceptual model 
is operationalised, this results in presenting the conceptual model in the real world. 
Operationalisation of the conceptual model is a vital step that must be taken when 
designing both quantitative and qualitative research. Without a clear and well-
documented operationalisation procedure, interpretation of the data could remain 
unclear, thereby decreasing the necessary reliability of the research results 
(Doorewaard, 2010). 
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Figure 2.17. Operationalisation model for coordination through social network 
theories. 
 
All the models above are supported by the hypotheses based on the literature 
presented earlier in this chapter. 
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Figure 2.18. Map of hypotheses of the study 
 
  
Social Network 
 
 
Actor Level 
- Degree Centrality 
- Betweenness 
Centrality 
- Closeness 
Centrality 
 
Tie Level 
- Tie Strength  
Network 
Structure Level 
- Density 
- Constraint 
 
Expertise of 
Coordination  
Expertise 
Location  
The Need for 
Expertise 
Bringing 
Expertise to 
Bear 
ICT Use 
Training 
H1 
H2a &H2b 
H3 
H4 
H5 
H7a H7b 
H8 
H6 
 71 
 
Study hypotheses 
H1: Closeness centrality is positively associated with coordination of expertise. 
H2a: In-degree centrality is positively associated with coordination of expertise. 
H2b: Out-degree centrality is positively associated with coordination of expertise. 
H3: Betweenness centrality is positively associated with coordination of expertise. 
H4: Network density is negatively associated with coordination of expertise 
H5: Constraint in a network is negatively associated with coordination of expertise. 
H6: Strength of ties is positively associated with coordination of expertise 
H7a: Use of ICT for professional communication activities is positively associated with 
coordination of expertise.  
H7b: Use of ICT for professional communication activities is positively associated with 
social network properties at the network, actor and tie levels. 
H8: Training attendance is positively associated with coordination of expertise. 
Table 2.11 Table of Study Hypotheses 
2.10 Conclusion 
This chapter has presented an overview of coordination theory and the 
association between the theory and analysis of social networks. It explored a general 
view of coordination, and then moved onto discuss dynamic network coordination, 
with formal and informal coordination. Also focused on explaining coordination in 
disaster management, which is the domain of this study. Then examined the 
relationship between coordination theory and social networks in order to illustrate 
why and how social network theory and analysis could be used as a tool for this study. 
The chapter then described each measure used in this study to determine and 
understand the model of coordination access and sharing of expertise through social 
networks. The next chapter presents the instrument design and data collection, 
processing and analysis. It also explains each measure proposed in the research model 
and details the data collection methodology, including how it was constructed, its 
rationale and how it was undertaken, as well as which constructs defined the 
hypotheses variables.  
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Chapter 3 Research Methodology: Instrument Design and 
Data Collection, Processing and Analysis 
The previous chapter provided a review of the literature on coordination 
theory, social networks and the effect of social networks on coordination in a 
knowledge-intensive environment. Chapter 2 concluded with a proposed theoretical 
model for examining in detail the relationship between social networks and the 
coordination of sharing and accessing expertise in a dynamic complex environment, 
within the context of disaster management. 
This chapter discusses the design and framework of the study. The discussion 
of the study design begins with an explanation of the methodology—an overview of 
social network analysis to delineate the network approach and social network analysis 
applicable to the study. This chapter also discusses network data collection 
approaches and how data were collected in the domain of disaster management (SES 
NSW), using in-depth interviews and a social network survey. This chapter also 
outlines and discusses the design of the survey instrument, along with validated and 
reliable measures and operationalised items for demographics, social networks and 
coordination. In explaining the triangulation approach to data collection, this chapter 
also discusses the sampling strategies, data collection and process of various phases of 
administering the survey. 
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Figure 3.1. Map of Chapter 3. 
 
3.1 Methodology Overview of Social Network Analysis 
Social network analysis (SNA) developed from multiple scholars, which 
resulted in SNA having its own paradigm (Leinhardt, 1977). This means that SNA is 
perceived as a unique approach to understanding human behaviour that focuses on the 
importance of social relations, and is also an analytical tool to investigate the 
consequences of actors’ social relationships (Prell, 2012). Wellman and Berkowitz 
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(1998) referred to SNA as ‘structural analysis’, which is a broad strategy to explore 
social structures.  
The limitation of the traditional social theory and data analysis derives from 
using an individualistic approach that ignores the social context of the actor and 
focuses on individual actors’ choices, while excluding others’ behaviour around the 
actors. However, in SNA, the first priority is the relationships between actors, and the 
second priority is the individual properties. Nevertheless, in order to understand social 
phenomena fully, individual characteristics are necessary with relational data (Knoke 
& Kuklinski, 1982). The key difference between social network data collection and 
other data collection is that relational data are collected alongside attribute data. The 
analysis of both attributes offers richer insights to explain social outcomes. Relational 
data particularly allows describing and understanding significant aspects of an 
individual’s interpersonal and social environment, social participation and exposure to 
normative pressures (Burt, 1984).  
In terms of relational data, SNA has a very powerful set of measures and 
techniques to visualise and provide new insights to network structures. For example, a 
simple question such as ‘who do you like from this group of individuals?’ will 
provide data showing which ‘who likes who’ relationships might exist between 
individuals. 
 
 Joy Ross Rachel Monica 
Joy – 1 0 1 
Ross 1 – 0 0 
Rachel 1 0 – 1 
Monica 1 0 1 – 
Table 3.1 A Sample Matrix of ‘Like’ Relationship 
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Table 3.1 shows 1 as ‘like’ and 0 as ‘dislike’. When the matrix is analysed 
through the visualising SNA tool, it results in Figure 3.2. This figure presents an 
easier way of understanding the ‘like relationship’ network. Simply, Ross is not 
popular among the individuals (also called actors), while the other three individuals 
maintain a close relationship within the group. 
 
 
 
 
Figure 3.2. A visual illustration of Table 3.1. 
 
As mentioned at the beginning of this chapter, SNA is in interdisciplinary field; 
therefore, SNA is not limited to social behavioural research alone. For example, 
Borgatti and Foster (2003) applied SNA methodologies to inter-organisational 
relationship research to investigate the value of connections. 
3.2 Network Data Collection 
Social network data can be collected in different ways. One type of data 
collection is to ask or request actors to provide information about their insights 
regarding other actors’ network connections by using survey methods, interviews, 
observation and reports. These data are about actors in a network and the tie strengths 
between them. Another data collection type is through experimental design. The basis 
of this method is that it is executed under experimentally controlled conditions with a 
set of actors, while researchers observe the actors’ connection. This experimental data 
collection was undertaken by Bavelas (1950) and Leavitt (1951) to study group 
Joy 
Rachel 
Monica 
Ross 
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problem solving. For example, in this experiment, actors had specific positions within 
the network and were only allowed to communicate with specific actors, and the 
researchers witnessed the connections between the actors. 
The third type of data collection involves a focal group or individuals. This 
data collection begins with the first level of individuals/actors who are required to 
name some or all of their connections to another actor. Then all second-level actors 
who were nominated by the first level of actors will nominate other actors, and this 
will continue until no new actors are identified or researchers terminate the process 
due to time or resource constraints (Goodman, 1961). This method is also known as a 
snowball sampling. 
In terms of the social network data collection approach, there are two main 
streams of approaches: (i) the whole network approach, which is also known as the 
sociocentric network approach, and (ii) the egocentric network approach. 
3.2.1 Sociocentric network approach  
The term ‘sociocentric network approach’ is interchangeable with the term 
‘whole network approach’. The sociocentric network approach begins with an 
assumption that the whole network information is available to the researchers. In this 
approach, information of who is in the network, the ego–alter characteristics of all 
potential actors, the boundary of the whole network and the actors’ network are 
usually known or easily identified. Hence, the sociocentric network approach is often 
used to emphasise ‘closed’ networks. The sociocentric network approach in SNA is 
considered very valuable and often ‘the gold standard’ because this approach can 
encompass the entire current network relations for analysis purposes (Marsden, 1990).  
The sociocentric network approach focuses on measuring the structural 
patterns of interactions and how patterns explain outcomes, such as the concentration 
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of power or other resources within a group. Researchers using the sociocentric 
network approach are usually interested in identifying structural patterns in cases that 
can be generalised (Garton et al., 1997; Wellman, 1982). Data collection in the 
sociocentric network approach starts with a list of the actors in the form of an 
adjacency matrix. For example, in the current study, the SES organisation has 200 
staff members, and an online survey was given to all 200 individuals. The name 
generator question used in this study was: ‘Looking back over the last six months, 
please identify people (up to 15 maximum) who are important in providing you with 
information or advice’. 
However, the sociocentric network approach also entails challenges. First, this 
approach can involve privacy concerns. For example, in the current research, it was 
not recommended to use the full name of the SES employees for confidentiality 
reasons. Therefore, we used lists of personnel roles instead. Second, even if we 
offered all 200 members the opportunity to respond to the survey, it was practically 
impossible for all of them to respond. Given these difficulties, the egocentric network 
approach was also adopted to contribute richness and practicality to the study. 
3.2.2 Egocentric network approach  
The egocentric approach is another well-known and practical method to 
collect network data. This approach begins with the focal people, groups, 
organisations or whole societies with which the research is interested, which are 
referred to as an ‘ego’. Their surrounding associates, the ego’s affiliates or the others 
with whom the ego is linked are known as ‘alters’ (Borgatti & Foster, 2003; Chung et 
al., 2005). Thus, the egocentric network means the network of the ‘focal person’ (the 
ego) (Carrasco et al., 2008). Research built on the egocentric method depends largely 
on the egos to offer information about the identities of alters and their relationships 
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with each other. Thus, the research creates a contained network assessment, and may 
deliver comprehensive information about the focal person. The application of the 
egocentric method is used for situations in which network data are incomplete or 
network boundaries are difficult to define, as in the case of large-scale inter-
organisational networks (Carrasco et al., 2008). The method is also used when 
studying novel types of networks in which nodes, affiliations, and the extent of 
boundaries cannot be predefined and have not been previously investigated. It 
determines business contact networks or community elites, and is used as a name 
generator for further investigations and data collection. 
When combined with an attribute-based approach, the egocentric method is 
effective for collecting relational data to make useful inferences with attribute data 
(Hanneman, 2001). At the firm level, the egocentric network of a firm consists of its 
set of direct, dyadic ties and the relationships between these ties, with the firm at the 
centre of the network as the focal actor (Wasserman & Faust, 1994). In terms of 
analysis, the egocentric network implies a dual level of network analysis that requires 
a simultaneous focus on network dyads and the aggregation of dyads into the larger 
network. This simultaneous focus is necessary because changes in an organisation’s 
egocentric network result from the aggregation of changes at the dyadic level. Thus, 
the evolution of a network necessarily includes and builds from the simultaneous 
evolution of the dyadic ties (Hite & Hesterly, 2001). 
3.2.3 Limitations associated with network data collection  
Network data are usually attained through surveys and questionnaires, 
archives, observations, diaries, electronic traces and experiments. Social network 
studies are concerned with studying patterns of social structure; thus, the significant 
problem related to network data is whether the collected network data (that is, the 
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actors and relationships) best represent the network they are intended to capture. 
Collecting data only from participants who are willing to contribute does not represent 
a true network in most circumstances, and may not include individuals with vital roles 
in the network. Klovdahl (2005) argued that gathering responses from all network 
contributions can be doubtful in any social network research study, as information 
about members may be incomplete or inaccurate. However, social network 
researchers (Freeman, 1978; Hammer, 1985; Romney & Weller, 1984) have stated 
that, while social network survey methods may not be able to capture all participants 
in a population, the available sample is generally able to provide information about 
relationships with others (who may be unable or unwilling to be surveyed), such that 
the collective whole of those who do respond can provide reasonably stable patterns 
of actual network (Marsden, 1990). 
3.3 Context and Domain of the Study 
The research model proposed in Section 2.9 aims to explore the relationship 
between social network properties and the coordination of expertise in the context of 
disaster management. At the operational level, the context for the study is the SES of 
NSW, Australia. Disaster management agents in the SES rely heavily on critical 
information and important people (expertise) in times of need; thus, the SES is an 
ideal organisation to study the effects of advice networks on the coordination of 
expertise.  
During crises, communication is often inadequate, while personnel and 
resources are inefficiently used and activities are duplicated (Adams, 1969). 
Interestingly, more than 44 years later of Adams’s study, Haddow, Bullock et al. 
(2013)stated that one of the central issues that has plagued emergency and disaster 
management over the years is still communication and coordination. Given that these 
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two key articles (Adams 1969, Haddow, Bullock et al. 2013) in disaster management 
are over four decades apart, the gap between communication and coordination 
remains open and central to issues of disaster management. 
March and Simon (1958) found that, during crises, stress and time pressure 
impede crisis decision makers’ search for information. In addition, Hermann (1963) 
stated that, during a crisis, the amount of information flow increases rapidly, while the 
number of channels used decreases. The result of these processes, as identified by 
Quarantelli (1997), is information overload and channel bottlenecks, which can cause 
communication system failure and/or the loss or delay of relevant information 
reaching the appropriate group members (expertise). Appropriate communication 
decisions in the response stage may simplify the crisis recovery stage by containing or 
lessening the crisis, and effective communication in the response stage may save lives 
(Hale et al., 2005). Thus, the issue is how to determine where the expertise 
(people/information) is needed, identify the location of expertise, and determine how 
to bring expertise to bear in the best possible manner. These compelling factors make 
the SES an appropriate organisation to situate the study to understand the effect of 
social network properties and coordination of expertise.  
To understand social networks’ effects on the expertise of coordination, both 
relational and attribute data need to be collected and linked to facilitate analysis. In 
this study, the attribute data encompassed ICT use, training and personal attributes 
(such as experience, age and the unit to which individuals belonged). Relational data 
included eliciting a maximum of 15 people (alter) with whom the agent (ego) 
communicated or contacted in order to solve important issues related to their work 
during a crisis within a certain timeframe (the past six months). More details of this 
survey data collection are presented in Section 3.4. 
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3.4 Measures Used in Proposed Model 
This section presents the description of measures used in the research 
operationalisation model. It describes the design of the survey instrument and its 
development process, the qualitative and quantitative data collection process, and the 
choice of data analysis techniques to understand the relationship between social 
networks and coordination of expertise in disaster management. Moreover, this 
section provides a background of the mathematical formulae of the study measures 
and their explanation, particularly within the SNA area.  
The following sections describe a set of measurement concepts that 
operationalise the research model. First, the social network properties are discussed in 
terms of the three categories of network structure, position and relations. Second, the 
measures of coordination of expertise are described. Finally, the moderating 
properties (such as ICT use and training) are described. 
3.4.1 Independent measures: social network measures  
The selection of measures and methods for analysing network data was extensively 
guided by considering the levels of relations among actors. These levels of relations 
can be classified as: (i) network level, (ii) actor level and (iii) dyadic level. Distinct 
measures are appropriate for specific levels of actor-network relations. Measures that 
are relevant for one level of relations cannot be applied to another level. The 
following sections further describe each of these measures. 
Level of Analysis  Level of Analysis Example 
Network level  Connectedness, diameter, centralisation, density, 
prestige, etc. 
Actor level centrality Centrality, efficiency, constraint, prestige and roles 
such as isolates, liaisons, bridges, etc. 
Dyadic level Tie strength, distance and reachability, structural 
and other notions of equivalence, and tendencies 
towards reciprocity. 
Table 3.2 Social Network Analyses Levels and Examples 
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3.4.1.1 Network-level measures  
Network-level measures are those calculated on the whole network. They 
provide indicators of the network structure and usually deal with the network’s 
density and size, as well as clusters within the network. 
3.4.1.1.1 Density measure and degree centrality  
Density is a measure of network cohesiveness and is the ratio of existing 
number ties to the maximum possible ties. For an undirected graph with nodes 
(actors), density D is defined as: 
 
 
where n represents the number of nodes in a network, and xij represents a tie. A 
density value of 1.00 presents a fully connected network, whereas a number tending 
to zero represents a very sparse or unconnected network. 
 
 
 
 
 
 
Figure 3.3. Network density. 
3.4.1.2 Actor-level measures  
Actor-level measures allow one to look into an individual actor’s network property 
and immediate, personal network. This actor-level analysis helps demonstrate how 
individual actors are positioned within a particular network, which may indicate who 
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is important, who is most influential in that certain network, or even who will hold the 
network together in times of distress. 
3.4.1.2.1 Efficiency and constraint measure (measures for network position) 
Efficiency and constraint are interrelated structural hole measures used to understand 
the brokerage and, inversely speaking, the limitedness of an individual actor. They are 
calculated based on the effective size of an actor (ego) in a social network. Effective 
size measure is a network size measure that measures connections to non-redundant 
contacts in an ego’s network. It is computed as the number of alters minus the average 
degree of alters within the ego network, not counting ties to the ego. The formula is 
defined as:  
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where i is the ego, actor j is a primary contact, and actor q is a primary contact who 
has strong ties with the ego i (represented by piq) and actor j (represented by mjq). 
Efficiency is measured by dividing the effectiveness by the number of alters in the 
ego’s network.  
In contrast, network constraint measures the opportunities held back by the 
extent to which the ego has invested time and energy in relationships with alters that 
lead back to a single contact (Burt, 1992, p. 55). In other words, it measures the extent 
to which the ego’s connections are to other actors who are connected to one another. 
Constraint on an actor’s network is defined as: 
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where i is the ego, actor j is a primary contact, and actor q is a primary contact who 
has strong ties with the ego i (represented by piq) and actor j (represented by pqj). 
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3.4.1.3 Dyadic-level measure  
The dyadic-level measure focuses on the relationships of actors in a social 
network. In this study, tie strength is used to compute the relationships between actors. 
Tie strength expresses the excellence of connection between two nodes in a network.  
3.4.1.3.1 Strength of tie measure  
Tie strength has been one of the most widely used network concepts, as it is 
the essential property without which networks are meaningless. According to 
Granovetter (1973), the strength of the relationship between two nodes can be 
expressed as a mixture of the amount of time and the mutual services that distinguish 
the link between them. There are few ways to measure the strength of tie, such as 
‘emotional closeness’, ‘frequency of contact’, ‘reciprocity of services’ and ‘intimacy’ 
(mutual confiding) (Marsden & Campbell, 1984). Granovetter (1995) stated that 
‘emotional closeness’ is the most valid indicator of measuring tie strength over other 
measures, while ‘frequency of contact’ is also widely used as a proxy for tie strength 
(Lin et al., 1978). 
In this study the two well-established measures of ‘emotional closeness’ and 
‘frequency of contact’ were adopted to compute the strength of ties, and these two 
values signify the same dimension of interaction intensity associated with a work-
related definition of closeness (Hansen, 1999), rather than an effective definition. 
Thus, in the survey instrument, the tie strength of staff members and volunteers was 
measured as the average of all tie strength (frequency and closeness) to all other staff 
members and volunteers in the network. The frequency of contact was measured on a 
five-point Likert scale of ‘daily’ to ‘less often’. Similarly, degree of closeness was 
measured on a four-point Likert scale of ‘especially close’ to ‘distant’. 
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3.4.2 Dependent measures: coordination of expertise measures  
In order to measure coordination of expertise, measures were adopted from 
Faraj’s (1998) research on coordination expertise in a software development team. 
The constructs for measuring the coordination of the expertise process were 
developed based and focused on coordination processes (Mathiasen, 1991; Ven et al., 
1976; Weick & Roberts, 1993). The three main dimensions that comprise the 
‘coordination of expertise’ construct were ‘knowing expertise location’, ‘recognition 
of needed expertise’ and ‘accessing expertise’. Details of the development of 
constructs are shown in Table 3.3, alongside the reliability scores. 
Construct Definition Theoretical links and sources Pre-test Cronbach’s 
alpha and number of 
items 
Knowing 
expertise 
location 
The degree to which 
members of the team 
know where the 
expertise necessary 
for the task is 
located 
• Memory differentiation 
(Liang et al., 1995) 
• Transactional memory system 
(Wegner et al., 1991) 
Alpha = .69 (7 items) 
Recognition of 
needed 
expertise 
The degree to which 
there exists team-
level recognition of 
the need for certain 
team members to 
access specialised 
knowledge and skills 
• Communities of practice 
(Brown & Duguid, 1991) 
• Situated learning (Lave & 
Wenger, 1991) 
Alpha = .64 (8 items) 
Accessing 
expertise 
The extent to which 
team members have 
access to needed 
knowledge and skills 
• Task coordination (Liang et 
al., 1995) 
• Informal coordination (Kraut 
& Streeter, 1995) 
Alpha = .72 (8 items) 
Table 3.3 Constructs Development  
Adopted from Coordination of Expertise, Faraj (1998) 
All three constructs of expertise coordination were pre-tested with reliability tests 
showing Cronbach’s alpha measure—the most common measure to show the 
reliability of a scale for multiple Likert questions in a survey/questionnaire. As Table 
3.3 shows, all dimensions or factors had a Cronbach’s alpha of 0.69, 0.64 and 0.72, 
which is fairly reliable. 
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3.4.3 ICT Use  
In this study, ICT encompassed computers, technological software 
applications and systems (such as Systems Applications Products [SAP]), email, 
videoconferences and so forth. Based on Sproull and Kiesler’s (1991) categorisation 
of the effects of ICT use, ICT was measured at the efficiency (task) and social 
(communication structure) levels. The ICT measures were based on the reliable and 
valid item sets used by Western et al. (2001). Internet-related ICT use items were 
adapted from the survey instrument developed at the University of Kentucky’s 
Department of Family Practice in the US (Andrews et al., 2004, 2005), modified to 
suit the disaster management domain.  
3.4.4 Training and workgroup measure  
A disaster emergency management team has special characteristics, such as 
teams needing to make decisions under stressful situations with ambiguity, 
information overload and a substantial level of uncertainty. Hence, non-routine 
problem solving of a knowledge-based nature is required. A vital element of disaster 
management teams is that they work with multiple teams to achieve goals to contain 
disasters, save lives and maximise the functions of disaster management (Schaafstalal 
et al., 2001). Therefore, disaster management training seeks to offers good 
coordination and communication, both within and among the various teams involved. 
The complexity of disaster management events requires flexible learning 
methodology (Campbell & Kuncel, 2001; Weick & Roberts, 1993). For many decades, 
the government and emergent organisations have been offering training/workgroups 
to disaster management agents for these matters. 
The SES endeavours to collaborate with other teams to adopt changes to 
advance IT and promote safety within and across the organisation. In order to 
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accommodate all these changes, management prefers to use workgroup (team) 
training as a technique. Marks (2006) stated that teams represent the critical unit that 
‘get things done’ in today’s world, whether this is a software development team, 
Olympic sports team, disease outbreak response or urban warfare. Both governmental 
agents and private industries increasingly prefer to use teams as the performance 
arrangement to meet their visions, execute complex missions and accomplish their 
goals (Salas et al., 2004). For this study, a meta-analysis completed by Salas et al. 
(2008) was adopted to determine whether training may be a moderating variable 
between social network properties and coordination expertise.  
3.5 Data Collection Methods 
In order to increase the validity and credibility of the data results, this study 
used a triangulation approach. The triangulation approach offers the possibility to map 
or explain more fully the richness and complexity of human behaviour results. In 
addition, this approach gives a more detailed and balanced picture of the situation by 
cross-checking data from multiple sources (Altrichter et al., 2008; Cohen & Manion, 
2000; O’Donoghue & Punch, 2003). In this study, the triangulation approach split up 
the study’s methodology into two phases: qualitative and quantitative approaches. 
Prior to survey instrument design, to validate preliminary ideas about the 
initial conceptual model in the context of disaster management, it was decided to 
conduct semi-structured in-depth interviews with five managers of the SES. These 
managers were chosen because of their experience in the disaster domain and wealth 
of knowledge of the expertise coordination required during disaster periods. The 
interviews were held face to face and via Skype for 30 minutes to one hour. Four 
managers were located at the headquarters of SES (Wollongong, NSW) and one 
manager was from Wagga Wagga, NSW. Initially, the researcher contacted the chief 
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information officer of the SES, who assisted the researcher to organise interviews and 
contact the five managers of the SES. The interviews were held in April and May 
2013. 
3.5.1 Qualitative data collection (interview)  
This section introduces the qualitative questionnaire, which was primarily 
motivated by the review of literature related to professional social networks and their 
coordination of expertise. Qualitative data collection is used in inductive thinking to 
explore a new area or develop hypotheses, as well as testing whether the predictions 
of a certain hypothesis are empirically valid or true. Researchers in basic disciplines 
and applied fields (psychology, sociology, linguistics, public administration, 
organisational studies, business studies, healthcare, urban planning, educational 
research, family studies, program evaluation and policy analysis) have shifted to a 
more qualitative paradigm (Miles & Huberman, 1994). 
Qualitative data are a source of rich descriptions and explanations that can 
help researchers see precisely which events led to which consequences, to move 
beyond initial conceptions, and to use the opportunity to generate or revise conceptual 
frameworks. The objective of qualitative research is to obtain an in-depth 
understanding of human behaviour and the factors that guide such behaviour. 
Qualitative research helps answer questions such as: Where have we come from? 
Where are we? Who are we now? Where are we going? Data are collected based on 
observations, interviews, and reviewing available documents and audio-visual 
materials. 
3.5.1.1 Design and structure of semi-structured interview questions  
The interview questions were designed and planned carefully so that, when 
executed, a systematic flow of the data collection process could be achieved (Miles & 
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Huberman, 1994; Sudman & Bradburn, 1982). Adopting a semi-structured interview 
means having a set of procedures and interview structure. In general, semi-structured 
interviews imply asking a set of fixed questions that are read out to the interviewee, 
while maintaining a style of questioning, probing, prompting and asking few open-
ended questions. Interviewer bias is reduced to a total minimum, and there is no 
indication of spontaneity or human interjection of interest in the subject matter from 
the interviewer’s point of view. Prominently, the use of semi-structured interviews 
allows the interviewer to ask questions in a more open-ended manner, depending on 
the situation. In turn, a sense of freedom for the disaster management managers 
(interviewees) could be achieved in the quality and quantity of their responses. 
The dynamic and flexible nature of such an interviewing structure allows for a 
richer understanding of the set of data collected. In many ways, it provides for 
maximum communicability and ensures the primacy of the respondent. As guided by 
Miles and Huberman (1994), the questions in the interview were given considerable 
thought and were well formulated in order to avoid any kind of bias and to maintain 
control of the interview situation. The questions were constructed in a way to avoid 
resistance, suspicion, prejudice or any sort of negative forces in the interview 
environment.  
Participation was voluntary, as the managers had to agree to participate in the 
study before being interviewed. They also had the option to not participate and the 
option to remain anonymous. The managers were not informed of the theoretical 
framework and hypotheses guiding the study. The study was described as an 
exploratory study to investigate disaster management teams. Several SES managers 
reviewed the survey instrument prior to its distribution. Their comments—mainly 
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regarding language change—were helpful in focusing the instrument and increasing 
its acceptability. 
3.5.1.2 Conducting the interviews  
The interviews were conducted with each separate respondent because they 
focused on one individual at a time. All interviews were conducted face to face and 
lasted between 30 minutes to one hour. All interviews were unique in the sense that 
the information was collected once and the interview was concluded as soon as the 
session was over. In order to capture all the information from the interview, notes 
were taken simultaneously as the audio was recorded on a device. This was done with 
the interviewees’ consent. The answers to the interview questions were 
unstandardised and not determined by a set of response categories. Since the tool for 
data collection was an in-depth interview, most of the questions were open-ended and 
did not leave room for the answers to be speculated or standardised. 
3.5.1.3 Qualitative data analysis  
Qualitative data require some (or, in most instances, a great deal) of 
processing, where raw field notes need to be corrected, edited and typed up, while 
audio recordings need to be transcribed and corrected (Miles & Huberman, 1994). 
This information is then formed into categories or themes that are developed into 
broad patterns, theories or generalisations that are compared with personal 
experiences or the existing literature on the topic (Creswell, 2009). This process is 
called the ‘inductive process’. The inductive process, which this study followed, starts 
from information gathering and then builds up through broad themes to a generalised 
model (Creswell, 2009). 
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Figure 3.4. Inductive logic of research in qualitative data process design. Source: 
Creswell (2009). 
In order to conduct the qualitative inductive process data analysis, after every 
interview, the voice-recorded session was transcribed into notes, and contact summary 
sheets (Miles & Huberman, 1994) were generated and reviewed to identify emerging 
themes and existing themes suggested in the literature. Through identifying common 
themes and patterns in the responses of the SES, the conceptual model could be 
validated. The interview findings (see appendix for contact summary sheets) and 
literature review led to the development and operationalisation of the conceptual 
model and development of the survey instrument for collecting attribute and relational 
data from SES staff members and volunteers. 
3.5.1.4 Qualitative data analysis tool  
For this study, a content analysis concept-mining tool called Leximancer was 
adopted and used. Leximancer is a tool with functions to map out themes and 
concepts, and visualise the network relationship between the themes and concepts 
from plain text. This tool was used in this study to analyse transcript audio interview 
Theory	and	literature	
Researcher	gathers	
information	(e.g.,	
interviews,	observations)
Researcher	asks	open-
ended	questions	of	
participants	or	records	field	
notes
Researcher	analyses	data	to	
form	themes	or	categories
Researcher	looks	for	broad	
patterns,	generalisations,	or	
theories	from	themes	or	
categories
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files and open-ended questions from the survey. The Leximancer concept mapping 
has been around for more than decade; however, it is known as a tool for content 
analysis that is applicable for knowledge detection tasks (Smith & Humphreys, 2006).  
This tool was adopted because researchers can have a potential influence when 
making decisions (Nisbett & Wilson, 1977). Mitigation of bias in human analysis can 
involve a far-reaching investment of time and cost in the content analysis process 
(Smith & Humphreys, 2006). Consequently, when the process is automated, the cost 
is reduced and the automation allows frequent analysis of expressions and reanalysis 
of text (Weber, 1990). This form of semantic mapping evaluation has been published 
elsewhere (Smith, 2000a, 2000b; Spry & Dwyer, 2016). 
3.5.2 Quantitative data collection (survey)  
Once the conceptual model was translated into an operationalised model, the 
survey instrument was developed and revised through several pre-tests and a pilot 
study. This section discusses the sampling frame, sampling unit, contact list 
generation, and phases and modes of administration of the survey instrument. The 
survey for this study was essentially designed to cover two broad constructs: (i) social 
networks and (ii) coordination of expertise. The survey method adds further empirical 
weight to the social network coordination of expertise model by presenting evidence 
of how network properties are associated with coordination of expertise. 
3.5.2.1 Survey design and structure  
The SNA approach focuses on relations between actors (nodes—
organisational roles in this case), rather than their attributes. In this study, the data 
collection focused on data about actors and their relations with each other, which were 
then used to understand how they were associated with coordination of expertise. 
Social network questionnaires were adopted from Granovetter (1973), Burt (1984), 
 93 
Cross and Borgatti (2004) and McCarty and Wutich (2005). The expertise of 
coordination questionnaires were adopted from Faraj’s (1998) work. 
The survey began by introducing the researcher and providing respondents 
(SES staff and volunteers) with a broad description of the research. In particular, it 
explained the purpose of the thesis and that the goal was to understand the 
relationship between social networks and their coordination of expertise. The 
questions were initially related to the respondents’ demographics, such as age and 
years of experience. The following questions were about professional and informal 
social networks and ICT use/training in the context of the participants’ workflow 
during incidents. The survey questionnaires comprised eight sections, all of which are 
provided in the appendix. 
3.5.3 Overview of data collection process  
In this study, data were collected in two ways. After three revisions with the 
academic supervisor and industrial partner (SES), the initial interview questionnaire 
was developed and pre-tested with the SES assistant commissioner and chief 
information officer. After this, it was finally used for interviews with SES managers. 
The initial interview gave a more in-depth view of how information flows in the SES 
and how participants’ work to solve issues during a disaster. Based on the interview 
data obtained, after careful analysis and synthesis of codes and emergent themes, the 
researcher could develop quantitative survey instruments based on the literature and 
primary interview results. When the survey tool was ready, it was piloted with SES 
managers for final administration. It should be noted that ethics approval was sought 
and obtained by the University of Sydney Ethics Committee for these processes 
beforehand. The following diagram shows the data collection process. 
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Figure 3.5. Data collection process. 
 
3.6 Data Analysis and Software 
It was envisaged that, once the survey data were collected, a number of 
analyses would be conducted. First, the social network visualisation of all network 
data was conducted. This applied to both the SES staff members’ sociocentric 
network and SES volunteers’ sociocentric network. UCINET and NetDraw were used 
for the data visualisation. Second, network measures were computed for each actor in 
both networks. These network measures were the operational variables described 
earlier at the network, actor and dyadic levels. Third, once the network measures were 
computed, they were entered into a statistical processing software tool, such as SPSS 
or STATA or R, for further computation of descriptive statistics, normality testing and 
inferential statistics for hypotheses testing. It was envisaged that, depending on the 
normality of the dependent (coordination expertise) variable, either parametric or non-
parametric tests of correlations would be applied to determine the associations 
between the network, demographic and coordination expertise variables.                                                                                          
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3.7 Conclusion 
This chapter has discussed the design and framework of the research. It 
discussed in detail how the theoretical model was made operational in the context of 
the premier disaster management organisation of the SES in NSW, Australia. The 
chapter first provided an evaluation of relevant social network approaches to collect 
social network data. It then discussed the measures that constituted each theoretical 
construct of social network structure, position and relations, ICT use/training, and 
coordination of expertise. Further, this chapter discussed the triangulation of both the 
qualitative and quantitative methods used in the research. It discussed how qualitative 
interviews were used to feed and develop the theoretical constructs in the conceptual 
model. It also described the sampling strategy and issues related to the sampling 
strategy and sample selection. The qualitative and quantitative instruments were 
tested through pilot tests, before being finally administered. 
The next chapter reports the analysis and results from the data collected, while 
Chapter 5 provides a discussion of the results within the context of the theoretical 
model postulated in Chapter 2. 
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Chapter 4 Results and Findings 
This chapter presents the results of the data analysis. Based on the hypotheses 
stipulated in Chapter 2, the data were collected and analysed based on the 
methodology design described in Chapter 3. To reiterate, the data were collected to 
explore the relationship between social network properties and the coordination of 
expertise in knowledge-intensive workgroups—in particular, disaster management 
agents and volunteers. 
Surveys were sent to two groups within the SES. One group comprised 200 
SES staff members in NSW, where 65 surveys were returned, of which 56 were 
usable. Nine surveys had either incomplete data or blank entries, which rendered them 
useless for analysis. The second survey group comprised 100 volunteers of the NSW 
SES who were involved in a disaster incident in the previous year in NSW. Seventy-
five surveys were returned, of which 66 were valid for analysis. The survey was sent 
with a supporting letter from the chief executive officer of the SES on behalf of the 
researcher, with the university ethics approved code. 
This chapter begins by discussing the descriptive statistics of the variables and 
tests of normality, as well as a brief discussion of the distribution of each data variable. 
It also presents the preliminary results of the semi-structured interviews. In addition, it 
reports the results inferred from hypotheses testing using non-parametric techniques. 
4.1 Descriptive Statistics 
The following section provides descriptive statistics about the data collected 
from the respondents. The first section presents the demographic data of those who 
responded to the survey.  
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4.1.1 Descriptive statistic of SES staff members. The survey was given to all 
200 paid staff members of the NSW SES, which included all 17 regional headquarters 
of the SES. Figure 4.1 presents a map of the regional headquarters. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.1. Map of the SES state headquarters. 
 
In the survey, Question 3 asked for the membership of the SES unit or local 
government area (LGA) to which the respondent belonged. There are 17 SES units or 
LGAs (or headquarters). Among these regional headquarters, the state headquarters is 
located in Wollongong, NSW. The SES consists of 228 volunteer units across NSW, 
comprising approximately 8,700 dedicated volunteers (SES, 2015).  
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Figure 4.2. Question 3 in the study survey. 
4.1.2 Descriptive statistics of SES volunteers  
The SES is the most adaptable and widely used rescue and public safety 
organisation in NSW, comprising almost 9,000 volunteers. The volunteer group 
consists of approximately 40% female and 60% male members. People over 16 years 
of ages are qualified to join as a volunteer. Most volunteers are involved with flood 
management, storm damage control, tsunami response, rescue, land search, 
community engagement, community first responder and emergency service liaisons. 
In this study, the survey questions related to social network properties were asked to 
both groups (staff and volunteer groups) in the same manner. 
4.1.3 Staff member demographic data  
Demographic data are a good guide to understand the characteristics of the 
population. In this study, the demographic questions included gender, age group, 
period of experience working in the same job, and level of education. However, the 
level of education was omitted, as this was a sensitive topic for SES staff members, as 
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advised by the SES senior manager. The following section provides the descriptive 
statistics of the demographics of both the staff and volunteers. 
The staff members’ average period of personal SES experience was 140 weeks, 
which is around two years and eight months, as shown in the graph below. 
 
 
Figure 4.3. Years in SES—staff members. 
The average age group of primary respondents was between 41 and 60 years, 
as shown in the pie chart below. Forty-five per cent of the respondents from the staff 
member group were in the age group of 42 to 50 years, 31% were in the age group of 
51 to 60 years, 17% were in the age group of 31 to 40 years, and 7% were in the age 
group of 18 to 30 years. 
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Figure 4.4. Staff members’ age group distribution as a percentage. 
4.1.4 Volunteers’ demographic data  
The average duration that volunteers worked for the SES was two years and 
10 months (146.218 weeks to be precise). 
 
 
Figure 4.5. Years in state emergency service—volunteers. 
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Most volunteers were in the age groups of 51 to 60 or 61+. The age group 
distribution is shown in the figure below. More precisely, 27% of respondents were in 
the 60+ age group, 28% were in the 51 to 60 age group, 17% were in the 41 to 50 age 
group, 9% were in the 31 to 40 age group, and 19% were in the 18 to 30 age group. 
Compared to staff members, the respondents from the volunteer group were generally 
more mature or older. 
 
 
Figure 4.6. Volunteers’ age group distribution as a percentage. 
4.1.5 Descriptive statistics—social network  
This section reports the descriptive statistics of the social network, ICT use 
and coordination of expertise variables. Descriptive statistics not only describe the 
characteristics of data, but also allow checking of variables for any violation of the 
assumptions of the normal distribution that underlies the application of most statistical 
techniques. Histograms showing the distribution of the variables are provided in 
Appendix B. 
 
Volneteers	Age	Group
18-30	
31-40
41-50
51-60
61	and	above
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Descriptive statistics 
 N Minimum Maximum Mean Std 
deviation 
Skewness Kurtosis 
Statistic Statistic Statistic Statistic Statistic Statistic Std 
error 
Statistic Std 
error 
Degree 235 0 53 4.40 7.43 3.19 .16 12.91 .32 
In-degree  235 .00 16.00 2.45 3.04 1.74 .16 3.30 .32 
Out-degree  235 .00 65.00 2.45 7.54 4.51 .16 25.86 .32 
Betweenness 235 .00 2973.75 111.90 339.48 4.94 .16 30.53 .32 
Closeness 235 16081 54990 27277.19 17538.50 .958 .16 -1.09 .32 
In-closeness 
centrality 
235 1176.00 94706.00 51439.18 13216.21 -1.64 .16 4.52 .32 
Density 235 .00 1.00 .13 .22 2.29 .16 5.75 .32 
Effective size 235 .00 50.93 3.75 6.73 3.55 .16 15.86 .32 
Constraint 235 .00 1.39 .44 .40 .39 .16 -1.33 .32 
ICT use 20 30.0 67.0 52.05 10.16 -.33 .51 -.62 .99 
Expertise 
coordination 
34 32.0 52.0 40.76 5.68 .29 .40 -.90 .79 
Valid N (listwise) 20         
Table 4.1 Descriptive Statistics for Social Network, ICT Use and Coordination of Expertise Variables—Staff Member Data 
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 N Minimum Maximum Mean Std 
deviation 
Skewness Kurtosis 
Statistic Statistic Statistic Statistic Statistic Statistic Std error Statistic Std error 
In-degree 283 0 4 .72 .638 .898 .145 2.693 .289 
Out-degree 283 0 11 .73 1.987 3.238 .145 10.725 .289 
Betweenness 283 0 7 .02 .416 16.823 .145 283.000 .289 
In-closeness 283 76136 80940 80728.02 599.241 -3.840 .145 18.012 .289 
Out-closeness 283 75852 80656 80444.02 599.241 -3.840 .145 18.012 .289 
Degree 283 0 11 1.44 1.810 3.111 .145 11.016 .289 
Density 283 .000 1.000 .01103 .102678 9.573 .145 90.494 .289 
Effective size 283 .000 11.000 1.42705 1.789792 3.077 .145 10.666 .289 
Constraint 283 .000 1.125 .67653 .426164 -.662 .145 -1.381 .289 
Volunteer 
experience in years 
64 5.0 486.0 146.219 125.4779 1.170 .299 .498 .590 
Constraint 283 -1.125 .000 -.67653 .426164 .662 .145 -1.381 .289 
Hierarchy 283 .000 1.000E+03
8 
1.90813E+
037 
3.936378
E+037 
1.582 .145 .507 .289 
Overall coordination 
score 
302 0 50 6.61 14.841 1.853 .140 1.572 .280 
Overall ICT use 
score 
302 0 65 6.68 15.766 2.149 .140 3.135 .280 
Valid N (listwise) 64         
Table 4.2 Descriptive Statistics for Social Network, ICT Use and Coordination of Expertise Variables—Volunteers Data
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The outputs in Tables 4.1 and 4.2 summarise information for each of the 
variables. The descriptive statistics are extremely useful for determining the 
distribution and normality of the data for each variable. Skewness and kurtosis are 
particularly useful because skewness indicates the symmetry of the distribution and 
kurtosis provides information about the ‘peakedness’ of the distribution (Tabachnick 
& Fidell, 2007). 
4.1.6 Normality in data distribution 
4.1.6.1 Staff member data  
Prior to any statistical analyses, it is essential to investigate the distribution of 
data through visualising graphs (such as histograms) and conducting statistical tests. It 
is important to determine whether the data distribution of the variables is symmetrical 
and a bell-shaped curve or not. To test specifics in terms of normality of data, apart 
from visual histogram inspection, the Kolmogorov-Smirnov test of normality was 
conducted. 
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Tests of normality 
 Kolmogorov-Smirnova 
Statistic Df Sig. 
Degree .277 235 .000 
In-degree centrality .246 235 .000 
Out-degree centrality .466 235 .000 
Betweenness .387 235 .000 
In-closeness centrality .402 235 .000 
Out-closeness centrality .498 235 .000 
Eigenvector centrality .237 235 .000 
Density .320 235 .000 
Effective size .288 235 .000 
Constraint .184 235 .000 
Ego betweenness .465 235 .000 
Experience .149 41 .023 
ICT use .103 20 .200* 
Expertise coordination .099 34 .200* 
Location of expertise .115 34 .200* 
Knowing where expertise is needed .215 34 .000 
Bringing expertise to bear .156 34 .035 
Table 4.3 Kolmogorov-Smirnov Test of Normality—Staff Members 
The Kolmogorov-Smirnov test of normality showed that only three 
variables—‘ICT use’ (sig = .200), ‘location of expertise’ (sig = .200) and ‘expertise 
coordination’ (sig = .200)—had normal distributions, as the Kolmogorov-Smirnov 
statistic showed a non-significant result (sig. value of more than 0.05). All other 
variables violated assumptions of normality (because the sig. value was less than 
0.05). When the distribution of the variable of interest is not normal, a non-parametric 
test needs to be applied. Moreover, observing the histograms for the dependent 
variables indicated that the data were not normally distributed. For these reasons, non-
parametric tests—such as Mann-Whitney U-tests and Spearman’s rank-order 
correlations—were used for the staff member data.  
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4.1.6.2 Volunteers’ data  
Prior to any statistical analyses for the volunteers’ data, a normality test was 
conducted, similar to above. 
Tests of normality 
 Kolmogorov-Smirnova 
Statistic Df Sig. 
In-degree .309 283 .000 
Out-degree .470 283 .000 
Betweenness .520 283 .000 
In-closeness .465 283 .000 
Out-closeness .465 283 .000 
Degree .388 283 .000 
Density .525 283 .000 
Effective size .396 283 .000 
Constraint .387 283 .000 
Overall ICT use score .499 302 .000 
Overall coordination score .503 302 .000 
Location of expertise overall score .501 302 .000 
Recognising needs for expertise overall score .503 302 .000 
Bringing expertise to bear overall score .503 302 .000 
Table 4.4 Kolmogorov-Smirnov Test of Normality—Volunteers 
The Kolmogorov-Smirnov value showed a non-significant result (sig. value of 
more than 0.05). All variables violated assumptions of normality (because the sig. 
value was less than 0.05). Therefore, non-parametric tests were applied. Observing 
the histograms for the dependent variables also showed that the data were not 
normally distributed. Given these reasons, non-parametric tests—such as Mann-
Whitney U-tests and Spearman’s rank-order correlations—were selected to use for 
these data. 
4.2 Spearman’s Rank-order Correlations 
Spearman’s rank-order correlation test was used as the alternative to Pearson’s 
correlation coefficient, which accommodates a non-parametric measure of statistical 
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dependence between two variables. This test is commonly used in the health and 
medical literature, and is increasingly being used in psychology research (Pallant, 
2007). 
4.2.1 Network-level measure hypotheses  
The following section presents the results for the hypotheses regarding 
network structure level and coordination of expertise. Network-level measures are 
those calculated on the whole network. Network density is one of these measures and 
indicates the network structure for each respondent. As detailed in Chapter 2, the 
following hypothesis was developed to explore the association between network 
density and coordination of expertise: 
H4: Network density is negatively associated with coordination of expertise. 
4.2.1.1 Network level and coordination of expertise (staff members)  
Table 4.5 presents the results of the correlation of network density and 
coordination of expertise. The non-parametric Spearman’s correlation of staff network 
data showed that density was significantly and negatively correlated with coordination 
of expertise measure (r = −.372, p < .05). 
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Correlations 
 Density Location of 
expertise 
Knowing where 
expertise is needed 
Bringing expertise to 
bear 
Expertise 
coordination 
Density Correlation coefficient 1.000 -.045 -.294 -.381* -.372* 
Sig. (2-tailed) . .799 .091 .026 .030 
N 235 34 34 34 34 
Location of 
expertise 
Correlation coefficient -.045 1.000 -.256 .263 .499** 
Sig. (2-tailed) .799 . .145 .133 .003 
N 34 34 34 34 34 
Knowing where 
expertise is 
needed 
Correlation coefficient -.294 -.256 1.000 .610** .604** 
Sig. (2-tailed) .091 .145 . .000 .000 
N 34 34 34 34 34 
Bringing 
expertise to bear 
Correlation coefficient -.381* .263 .610** 1.000 .914** 
Sig. (2-tailed) .026 .133 .000 . .000 
N 34 34 34 34 34 
Expertise 
coordination 
Correlation coefficient -.372* .499** .604** .914** 1.000 
Sig. (2-tailed) .030 .003 .000 .000 . 
N 34 34 34 34 34 
*. Correlation is significant at the 0.05 level (2-tailed). 
 
Table 4.5 Network Density and Coordination of Expertise
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4.2.1.2 Network level and coordination of expertise (volunteers)  
For the volunteers’ data, a non-parametric Spearman’s correlation test was 
used. The results indicated an inverse relationship between network size and 
density—as the network size increased, the density of the network decreased, because 
there are practical limits to the number of connections a person can know and 
establish relationships with. In the volunteers’ network, density was not correlated to 
coordination of expertise. The result was not significant (r = 0.73, p > .05). 
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Correlations 
 Density Location of expertise 
overall score 
Recognising need for 
expertise overall score 
Bringing expertise 
to bear overall score 
Overall 
coordination score 
Density Correlation coefficient 1.000 .062 .091 .086 .073 
Sig. (2-tailed) . .302 .127 .149 .221 
N 283 283 283 283 283 
Location of expertise 
overall score 
Correlation coefficient .062 1.000 .988** .992** .998** 
Sig. (2-tailed) .302 . .000 .000 .000 
N 283 302 302 302 302 
Recognising need for 
expertise overall score 
Correlation coefficient .091 .988** 1.000 .996** .994** 
Sig. (2-tailed) .127 .000 . .000 .000 
N 283 302 302 302 302 
Bringing expertise to 
bear overall score 
Correlation coefficient .086 .992** .996** 1.000 .997** 
Sig. (2-tailed) .149 .000 .000 . .000 
N 283 302 302 302 302 
Overall coordination 
score 
Correlation coefficient .073 .998** .994** .997** 1.000 
Sig. (2-tailed) .221 .000 .000 .000 . 
N 283 302 302 302 302 
 
Table 4.6 Coordination of Expertise and Density
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4.2.2 Actor-level hypotheses  
This section presents the results relating to the hypotheses of actor-level social 
network properties and coordination of expertise. 
4.2.2.1 Degree and coordination of expertise  
Degree centrality refers to the number of ties a node has to other nodes. Actors 
who have more connections (ties) may have several substitutes and 
information/resources to reach goals, and thus be relatively advantaged. Further, 
degree centrality can be measured in two directions: (i) in-degree and (ii) out-degree. 
To reiterate from Chapter 2, the hypotheses relating to in-degree and out-degree 
centrality were as follows: 
H2a: In-degree centrality is positively associated with coordination of 
expertise. 
H2b: Out-degree centrality is positively associated with coordination of 
expertise. 
The results indicated that in-degree centrality had no association with coordination of 
expertise. Conversely, out-degree centrality had a moderate and significant negative 
correlation with coordination of expertise (r = −445, p < .01). 
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4.2.2.1.1 Staff member data analysis. 
 
Table 4.7 In-degree Centrality—Staff Member Data 
 
 Location of 
expertise 
Knowing where 
expertise is needed 
Bringing expertise 
to bear 
Expertise 
coordination 
In-degree 
centrality 
Out-degree 
centrality 
Location of 
expertise 
Correlation coefficient 1.000 -.256 .263 .499** -.097 -.268 
Sig. (2-tailed) . .145 .133 .003 .584 .125 
N 34 34 34 34 34 34 
Knowing where 
expertise is 
needed 
Correlation coefficient -.256 1.000 .610** .604** -.288 -.213 
Sig. (2-tailed) .145 . .000 .000 .099 .227 
N 34 34 34 34 34 34 
Bringing 
expertise to bear 
Correlation coefficient .263 .610** 1.000 .914** -.316 -.352* 
Sig. (2-tailed) .133 .000 . .000 .069 .041 
N 34 34 34 34 34 34 
Expertise 
coordination 
Correlation coefficient .499** .604** .914** 1.000 -.334 -.445** 
Sig. (2-tailed) .003 .000 .000 . .053 .008 
N 34 34 34 34 34 34 
In-degree 
centrality 
Correlation coefficient -.097 -.288 -.316 -.334 1.000 .158* 
Sig. (2-tailed) .584 .099 .069 .053 . .015 
N 34 34 34 34 235 235 
Out-degree 
centrality 
Correlation coefficient -.268 -.213 -.352* -.445** .158* 1.000 
Sig. (2-tailed) .125 .227 .041 .008 .015 . 
N 34 34 34 34 235 235 
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4.2.2.1.2 Volunteer data analysis. 
Correlations 
 Location of 
expertise 
overall score 
Recognising need 
for expertise overall 
score 
Bringing expertise 
to bear overall 
score 
Overall 
coordination 
score 
In-degree Out-degree 
Location of expertise 
overall score 
Correlation coefficient 1.000 .988** .992** .998** -.576** .919** 
Sig. (2-tailed) . .000 .000 .000 .000 .000 
N 302 302 302 302 283 283 
Recognising need for 
expertise overall 
score 
Correlation coefficient .988** 1.000 .996** .994** -.573** .925** 
Sig. (2-tailed) .000 . .000 .000 .000 .000 
N 302 302 302 302 283 283 
Bringing expertise to 
bear overall score 
Correlation coefficient .992** .996** 1.000 .997** -.573** .927** 
Sig. (2-tailed) .000 .000 . .000 .000 .000 
N 302 302 302 302 283 283 
Overall coordination 
score 
Correlation coefficient .998** .994** .997** 1.000 -.575** .923** 
Sig. (2-tailed) .000 .000 .000 . .000 .000 
N 302 302 302 302 283 283 
In-degree Correlation coefficient -.576** -.573** -.573** -.575** 1.000 -.557** 
Sig. (2-tailed) .000 .000 .000 .000 . .000 
N 283 283 283 283 283 283 
Out-degree Correlation coefficient .919** .925** .927** .923** -.557** 1.000 
Sig. (2-tailed) .000 .000 .000 .000 .000 . 
N 283 283 283 283 283 283 
**. Correlation is significant at the 0.01 level (2-tailed). 
 
Table 4.8 Coordination of In-degree, Out-degree and Expertise
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As shown in Table 4.8, the results indicated that in-degree centrality was 
negatively and highly significantly associated with coordination of expertise (r = 
−.575, p = .000). Further, all three dimensions of coordination of expertise properties 
were very significantly and negatively correlated in the same manner. However, out-
degree was highly positively and highly significantly associated with coordination of 
expertise (r = .923, p = .000).  
4.2.2.2 Betweenness and coordination of expertise. Betweenness centrality 
illustrates the extent to which an actor lies in the shortest path to all others in the 
network. Betweenness centrality is a sign of the potential of an actor’s control over 
communication. As documented in Chapter 2, the following hypothesis was raised: 
H3: Betweenness is positively associated with coordination of expertise. 
The staff survey results presented in Table 4.8 showed no association between the 
betweenness centrality measure and coordination of expertise. 
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4.2.2.2.1 Staff member data analysis of betweenness centrality. 
 
Correlations 
 Betweenness Location of expertise Knowing where 
expertise is needed 
Bringing expertise 
to bear 
Expertise 
coordination 
Betweenness Correlation coefficient 1.000 -.252 -.053 -.198 -.274 
Sig. (2-tailed) . .150 .765 .261 .116 
N 235 34 34 34 34 
Location of 
expertise 
Correlation coefficient -.252 1.000 -.256 .263 .499** 
Sig. (2-tailed) .150 . .145 .133 .003 
N 34 34 34 34 34 
Knowing where 
expertise is 
needed 
Correlation coefficient -.053 -.256 1.000 .610** .604** 
Sig. (2-tailed) .765 .145 . .000 .000 
N 34 34 34 34 34 
Bringing 
expertise to bear 
Correlation coefficient -.198 .263 .610** 1.000 .914** 
Sig. (2-tailed) .261 .133 .000 . .000 
N 34 34 34 34 34 
Expertise 
coordination 
Correlation coefficient -.274 .499** .604** .914** 1.000 
Sig. (2-tailed) .116 .003 .000 .000 . 
N 34 34 34 34 34 
**. Correlation is significant at the 0.01 level (2-tailed). 
Table 4.9 Correlation of Betweenness and Coordination of Expertise 
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4.2.2.2.2 Volunteer data analysis of betweenness centrality. 
 
Correlations 
 Betweenness Location of expertise 
overall score 
Recognising need for 
expertise overall 
score 
Bringing expertise 
to bear overall 
score 
Overall 
coordination 
score 
Betweenness Correlation coefficient 1.000 .114 .141* .137* .121* 
Sig. (2-tailed) . .055 .017 .022 .042 
N 283 283 283 283 283 
Location of 
expertise overall 
score 
Correlation coefficient .114 1.000 .988** .992** .998** 
Sig. (2-tailed) .055 . .000 .000 .000 
N 283 302 302 302 302 
Recognising need 
for expertise 
overall score 
Correlation coefficient .141* .988** 1.000 .996** .994** 
Sig. (2-tailed) .017 .000 . .000 .000 
N 283 302 302 302 302 
Bringing expertise 
to bear overall 
score 
Correlation coefficient .137* .992** .996** 1.000 .997** 
Sig. (2-tailed) .022 .000 .000 . .000 
N 283 302 302 302 302 
Overall 
coordination score 
Correlation coefficient .121* .998** .994** .997** 1.000 
Sig. (2-tailed) .042 .000 .000 .000 . 
N 283 302 302 302 302 
*. Correlation is significant at the 0.05 level (2-tailed). 
**. Correlation is significant at the 0.01 level (2-tailed). 
Table 4.10 Betweenness and Coordination of Expertise
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There were small positive and significant correlations between betweenness 
centrality and coordination of expertise (r = .121, p < .05). Similarly, when breaking 
down expertise coordination into its three dimensions, there was a significant and 
positive association with recognising need for expertise and betweenness centrality (r 
= .141, p < .05), and bringing expertise to bear and betweenness centrality (r = .137, p 
< .05). 
4.2.2.3 Effective size and coordination of expertise. Effectiveness is used to 
indicate the average number of individuals reached per primary actor. Effectiveness is 
about the yield per primary actor, not the yield of the entire network. As per Chapter 2, 
the relevant hypothesis stated for effective size was: 
H5: Effective size is positively associated with coordination of expertise. 
4.2.2.3.1 Staff member data analysis. Effective size and coordination of 
expertise were found to be negatively and highly significant (r = −.510, p < 0.01). 
Further, effective size was found to be negatively and significantly associated with 
bringing expertise to bear (r = −.402, p < .05). 
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Correlations 
 Location of 
expertise 
Knowing where 
expertise is needed 
Bringing expertise 
to bear 
Expertise 
coordination 
Effective size 
Location of 
expertise 
Correlation coefficient 1.000 -.256 .263 .499** -.311 
Sig. (2-tailed) . .145 .133 .003 .074 
N 34 34 34 34 34 
Knowing where 
expertise is needed 
Correlation coefficient -.256 1.000 .610** .604** -.259 
Sig. (2-tailed) .145 . .000 .000 .139 
N 34 34 34 34 34 
Bringing expertise to 
bear 
Correlation coefficient .263 .610** 1.000 .914** -.402* 
Sig. (2-tailed) .133 .000 . .000 .018 
N 34 34 34 34 34 
Expertise 
coordination 
Correlation coefficient .499** .604** .914** 1.000 -.510** 
Sig. (2-tailed) .003 .000 .000 . .002 
N 34 34 34 34 34 
Effective size Correlation coefficient -.311 -.259 -.402* -.510** 1.000 
Sig. (2-tailed) .074 .139 .018 .002 . 
N 34 34 34 34 235 
**. Correlation is significant at the 0.01 level (2-tailed). 
*. Correlation is significant at the 0.05 level (2-tailed). 
 
Table 4.11 Correlation of Effective Size and Coordination—Staff Members
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4.2.2.3.2 Volunteer data analysis  
The correlation between effective size and coordination was highly significant 
(r = .566, p = 0.000). In addition, effective size and all three dimensions of the 
coordination of expertise measures were strongly significantly and positively 
associated: location of expertise overall score (r = .556, p = 0.000), recognising need 
for expertise overall score (r = .571, p = 0.000) and bringing expertise to bear overall 
score (r = .573, p = 0.000). 
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Correlations 
 Location of 
expertise overall 
score 
Recognising need 
for expertise overall 
score 
Bringing expertise 
to bear overall score 
Overall 
coordination 
score 
Effective size 
Location of expertise 
overall score 
Correlation coefficient 1.000 .988** .992** .998** .556** 
Sig. (2-tailed) . .000 .000 .000 .000 
N 302 302 302 302 283 
Recognising need for 
expertise overall 
score 
Correlation coefficient .988** 1.000 .996** .994** .571** 
Sig. (2-tailed) .000 . .000 .000 .000 
N 302 302 302 302 283 
Bringing expertise to 
bear overall score 
Correlation coefficient .992** .996** 1.000 .997** .573** 
Sig. (2-tailed) .000 .000 . .000 .000 
N 302 302 302 302 283 
Overall coordination 
score 
Correlation coefficient .998** .994** .997** 1.000 .566** 
Sig. (2-tailed) .000 .000 .000 . .000 
N 302 302 302 302 283 
Effective size Correlation coefficient .556** .571** .573** .566** 1.000 
Sig. (2-tailed) .000 .000 .000 .000 . 
N 283 283 283 283 283 
**. Correlation is significant at the 0.01 level (2-tailed). 
 
Table 4.12 Correlation of Effective Size and Coordination—Volunteers
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4.2.2.4 Constraint and coordination of expertise  
Constraint in a network relates to an actor’s opportunities being restricted by 
investing time and effort in a network that may lead back to a single contact (Burt, 
1992). It is a summary measure of the extent to which an actor is connected to other 
actors who are connected to one another. If an actor’s potential trading partners all 
have one another as potential trading partners, then the actor’s position is highly 
constrained. Therefore, actors who have many connections (ties) to other actors may 
lose freedom of action, rather than gain freedom. In Chapter 2, the relevant hypothesis 
was stated as: 
H5: Constraint is negatively associated with coordination of expertise. 
4.2.2.4.1 Staff member data analysis  
The staff member data analysis results showed no significant correlations 
between constraint and expertise coordination. 
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Correlations 
 Location of 
expertise 
Knowing where 
expertise is needed 
Bringing expertise 
to bear 
Expertise 
coordination 
Constraint 
Location of expertise Correlation coefficient 1.000 -.256 .263 .499** .192 
Sig. (2-tailed) . .145 .133 .003 .276 
N 34 34 34 34 34 
Knowing where 
expertise is needed 
Correlation coefficient -.256 1.000 .610** .604** -.183 
Sig. (2-tailed) .145 . .000 .000 .300 
N 34 34 34 34 34 
Bringing expertise to 
bear 
Correlation coefficient .263 .610** 1.000 .914** -.233 
Sig. (2-tailed) .133 .000 . .000 .185 
N 34 34 34 34 34 
Expertise 
coordination 
Correlation coefficient .499** .604** .914** 1.000 -.118 
Sig. (2-tailed) .003 .000 .000 . .507 
N 34 34 34 34 34 
Constraint Correlation coefficient .192 -.183 -.233 -.118 1.000 
Sig. (2-tailed) .276 .300 .185 .507 . 
N 34 34 34 34 235 
**. Correlation is significant at the 0.01 level (2-tailed). 
Table 4.13 Correlation of Constraint and Coordination of Expertise—Staff Members
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4.2.2.4.2 Volunteer data analysis  
In the volunteers’ data, constraint was found to be moderately and highly 
significantly negatively associated with coordination of expertise (r = −.359, p = 
0.000). This was found to be the case with the correlation between constraint and all 
the three dimensions that comprised coordination of expertise.  
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Correlations 
 Location of 
expertise overall 
score 
Recognising need 
for expertise overall 
score 
Bringing expertise 
to bear overall score 
Overall 
coordination score 
Constraint 
Location of 
expertise overall 
score 
Correlation coefficient 1.000 .988** .992** .998** -.352** 
Sig. (2-tailed) . .000 .000 .000 .000 
N 302 302 302 302 283 
Recognising need 
for expertise 
overall score 
Correlation coefficient .988** 1.000 .996** .994** -.364** 
Sig. (2-tailed) .000 . .000 .000 .000 
N 302 302 302 302 283 
Bringing expertise 
to bear overall 
score 
Correlation coefficient .992** .996** 1.000 .997** -.362** 
Sig. (2-tailed) .000 .000 . .000 .000 
N 302 302 302 302 283 
Overall 
coordination score 
Correlation coefficient .998** .994** .997** 1.000 -.359** 
Sig. (2-tailed) .000 .000 .000 . .000 
N 302 302 302 302 283 
Constraint Correlation coefficient -.352** -.364** -.362** -.359** 1.000 
Sig. (2-tailed) .000 .000 .000 .000 . 
N 283 283 283 283 283 
**. Correlation is significant at the 0.01 level (2-tailed). 
Table 4.14 Correlation of Constraint and Coordination of Expertise—Volunteers 
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4.2.3 Tie-level hypotheses  
As documented in Chapter 2, tie strength represents the strength of the 
relationship between two nodes in a network, which led to the following hypothesis: 
H6: Strength of ties is positively associated with coordination of expertise 
Most network scholars have indicated emotional closeness (Marsden & Campbell, 
1984) and frequency of contact (Lin et al., 1978) to be the most reliable and accepted 
measures of tie strength  (Granovetter, 1995); thus, these two measures were used for 
this study. Chapter 3 reported the details of how they were calculated. 
4.2.3.1 Tie strength and coordination of expertise—staff members  
For the staff member network, tie strength and coordination of expertise 
showed no significant association between the two measures. 
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Correlations 
 Expertise 
coordination 
Tie strength—
proximity 
Tie strength—
time known 
Tie strength—
closeness 
Tie strength—
frequency 
Tie strength—
ICT 
Expertise 
coordination 
Correlation coefficient 1.000 .193 .146 .241 .030 .030 
Sig. (2-tailed) . .315 .450 .208 .876 .876 
N 34 29 29 29 29 29 
Tie strength—
proximity 
Correlation coefficient .193 1.000 -.109 -.003 .395** .395** 
Sig. (2-tailed) .315 . .153 .973 .000 .000 
N 29 174 174 174 174 174 
Tie strength—time 
known 
Correlation coefficient .146 -.109 1.000 .305** .116 .116 
Sig. (2-tailed) .450 .153 . .000 .127 .127 
N 29 174 174 174 174 174 
Tie strength—
closeness 
Correlation coefficient .241 -.003 .305** 1.000 .491** .491** 
Sig. (2-tailed) .208 .973 .000 . .000 .000 
N 29 174 174 174 174 174 
Tie strength—
frequency 
Correlation coefficient .030 .395** .116 .491** 1.000 1.000** 
Sig. (2-tailed) .876 .000 .127 .000 . . 
N 29 174 174 174 174 174 
Tie strength—ICT Correlation coefficient .030 .395** .116 .491** 1.000** 1.000 
Sig. (2-tailed) .876 .000 .127 .000 . . 
N 29 174 174 174 174 174 
**. Correlation is significant at the 0.01 level (2-tailed). 
 
Table 4.15 Tie Strength and Coordination of Expertise—Staff Members
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4.2.3.2 Tie strength and coordination of expertise—volunteers  
In the volunteer network, there appeared to be a moderate to strong positive 
correlation between tie strength and overall coordination of expertise (r = .582, p 
= .000). This correlation was very significant. The results also showed that all three 
dimensions of coordination of expertise had a very significant and positive association 
with tie strength. Proximity and expertise coordination had a very significant positive 
correlation (r = .582, p = .000). The time known measure and expertise coordination 
had a significant and positive correlation (r = .327, p < .05). The frequency of 
interaction measure and expertise coordination measure had a very significant and 
positive strong correlation (r = .747, p = .000). Emotional closeness was strongly and 
significantly associated with coordination of expertise (r = .683, p = .000).  
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Correlations 
 Overall coordination 
score 
Location of expertise 
overall score 
Recognising need for 
expertise overall score 
Bringing expertise to 
bear overall score 
Tie strength—proximity Pearson correlation .582** .507** .629** .557** 
Sig. (2-tailed) .000 .000 .000 .000 
N 52 52 52 52 
Tie strength—time 
known 
Pearson correlation .327* .288* .314* .337* 
Sig. (2-tailed) .018 .038 .024 .015 
N 52 52 52 52 
Tie strength—frequency 
of interaction 
Pearson correlation .747** .683** .739** .743** 
Sig. (2-tailed) .000 .000 .000 .000 
N 52 52 52 52 
Tie strength—closeness Pearson correlation .683** .571** .743** .684** 
Sig. (2-tailed) .000 .000 .000 .000 
N 52 52 52 52 
**. Correlation is significant at the 0.01 level (2-tailed). 
*. Correlation is significant at the 0.05 level (2-tailed). 
 
Table 4.16 Correlation of Tie Strength and Coordination of Expertise—Volunteers
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4.2.4 ICT use, social network and coordination of expertise  
To test Hypothesis H7a, Spearman’s rank-order correlation test was adopted to 
demonstrate whether there was any association between ICT use for professional 
communication and coordination of expertise and social network properties. This 
hypothesis was as follows: 
H7a: Use of ICT for professional communication activities is positively 
associated with coordination of expertise and social network properties. 
4.2.4.1.1 Staff member data analysis  
The results of the staff member survey data showed a significant and positive 
association with ICT and degree centrality (r = .461, p < .05). No other measures of 
social network and coordination of expertise were shown to have any correlation. 
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Correlations 
 ICT 
use 
Expertise 
coordination 
Degree Betweenness Closeness Effective size Density Constraint 
ICT use Correlation 
coefficient 
1.000 -.341 .461* .384 -.361 .480* .359 .203 
Sig. (2-tailed) . .142 .041 .095 .118 .032 .120 .391 
N 20 20 20 20 20 20 20 20 
Expertise 
coordination 
Correlation 
coefficient 
-.341 1.000 -.514** -.274 .471** -.510** -.372* -.118 
Sig. (2-tailed) .142 . .002 .116 .005 .002 .030 .507 
N 20 34 34 34 34 34 34 34 
Degree Correlation 
coefficient 
.461* -.514** 1.000 .918** -.960** .994** .755** .299** 
Sig. (2-tailed) .041 .002 . .000 .000 .000 .000 .000 
N 20 34 235 235 235 235 235 235 
Betweenness Correlation 
coefficient 
.384 -.274 .918** 1.000 -.855** .925** .703** -.061 
Sig. (2-tailed) .095 .116 .000 . .000 .000 .000 .351 
N 20 34 235 235 235 235 235 235 
Closeness Correlation 
coefficient 
-.361 .471** -.960** -.855** 1.000 -.952** -.747** -.338** 
Sig. (2-tailed) .118 .005 .000 .000 . .000 .000 .000 
N 20 34 235 235 235 235 235 235 
Effective 
size 
Correlation 
coefficient 
.480* -.510** .994** .925** -.952** 1.000 .699** .284** 
Sig. (2-tailed) .032 .002 .000 .000 .000 . .000 .000 
N 20 34 235 235 235 235 235 235 
Density Correlation .359 -.372* .755** .703** -.747** .699** 1.000 .183** 
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coefficient 
Sig. (2-tailed) .120 .030 .000 .000 .000 .000 . .005 
N 20 34 235 235 235 235 235 235 
Constraint Correlation 
coefficient 
.203 -.118 .299** -.061 -.338** .284** .183** 1.000 
Sig. (2-tailed) .391 .507 .000 .351 .000 .000 .005 . 
N 20 34 235 235 235 235 235 235 
*. Correlation is significant at the 0.05 level (2-tailed). 
**. Correlation is significant at the 0.01 level (2-tailed). 
Table 4.17 Correlation of ICT Use, Social Network and Coordination of Expertise—Staff Member Data
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4.2.4.1.2 Volunteer data analysis  
The results of the volunteer survey data showed a very strong, positive, significant 
association between ICT use and coordination of expertise (r = .978, p = .000). 
Among the social network properties, constraint had a significant negative correlation 
with ICT use (r = −.369, p = .000). Also notable were the following social network 
properties that had a significant positive correlation with ICT use: degree centrality (r 
= .578, p = .000), betweenness centrality (r = .145, p < .05) and effective size (r 
= .584, p < .05). 
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Correlations 
 Overall ICT use 
score 
Overall 
coordination score 
Betweenness Degree Density Constraint Effective 
size 
Overall ICT use 
score 
Correlation coefficient 1.000 .978** .145* .578** .082 -.369** .584** 
Sig. (2-tailed) . .000 .015 .000 .168 .000 .000 
N 302 302 283 283 283 283 283 
Overall 
coordination score 
Correlation coefficient .978** 1.000 .121* .559** .073 -.359** .566** 
Sig. (2-tailed) .000 . .042 .000 .221 .000 .000 
N 302 302 283 283 283 283 283 
Betweenness Correlation coefficient .145* .121* 1.000 .116 .438** -.065 .117* 
Sig. (2-tailed) .015 .042 . .051 .000 .279 .050 
N 283 283 283 283 283 283 283 
Degree Correlation coefficient .578** .559** .116 1.000 .208** .228** .991** 
Sig. (2-tailed) .000 .000 .051 . .000 .000 .000 
N 283 283 283 283 283 283 283 
Density Correlation coefficient .082 .073 .438** .208** 1.000 .101 .102 
Sig. (2-tailed) .168 .221 .000 .000 . .090 .086 
N 283 283 283 283 283 283 283 
Constraint Correlation coefficient -.369** -.359** -.065 .228** .101 1.000 .211** 
Sig. (2-tailed) .000 .000 .279 .000 .090 . .000 
N 283 283 283 283 283 283 283 
Effective size Correlation coefficient .584** .566** .117* .991** .102 .211** 1.000 
Sig. (2-tailed) .000 .000 .050 .000 .086 .000 . 
N 283 283 283 283 283 283 283 
**. Correlation is significant at the 0.01 level (2-tailed). *. Correlation is significant at the 0.05 level (2-tailed). 
Table 4.18 Correlation of ICT Use, Social Network and Coordination of Expertise—Volunteers
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4.3 Content Analysis (Qualitative Analysis) 
This survey adopted an open-ended style of questions because some questions 
were driven by their exploratory nature or could not be answered with a simple ‘yes’ 
or ‘no’. Open-ended questions allow respondents to provide answers in a free and 
open manner. For the open-ended questions for both the staff member and volunteer 
survey, content analysis was adopted to identify the main themes, concepts and ideas. 
Leximancer software was used as a tool for content analysis. Leximancer is a text-
analytics platform that enables exploration of the relationships between words, and 
identification and grouping of important concepts. 
4.3.1 Difference between ordinary and emergency periods (staff 
members).  
In order to determine whether there were any differences between emergency 
and ordinary periods, the following open-ended question was asked. 
 
Table 4.19 Differences between Ordinary and Emergency Periods (Survey Question 7) 
4.3.1.1 Results presented by staff members  
 On the point of the ‘performance of networks’, the independent variable for 
the study here was properties of social networks (i.e. at the network, actor and 
relational levels). The network data gathered here are organic, in the sense that 
respondents reported who they would seek advice from during disaster or emergency 
situations. The performance of such networks, where the network here is an 
independent variable, is thus irrelevant for the purpose of the study. Table 4.20 
summarises the percentage of respondents who replied in a certain way. 
7. Is there any difference between emergency time and ordinary time regarding reporting and 
contacting people for advice? 
 135 
Question 7: Is there any difference between emergency and ordinary times? 
Answer Percentage of respondents 
Yes 86% 
No 11% 
N/A 4% 
 
Table 4.20 Result of Survey Question 7 
For those who noted that there was a difference in the advice-seeking and reporting 
process during emergency and ordinary periods, relevant excerpts of their qualitative 
feedback are provided in Table 4.21. 
ID Excerpts from: ‘Is there any difference between emergency and ordinary times?’ 
1 ‘There are defined changes in the amounts and timing of information delivered during operation 
periods.’ 
23 ‘An ordinary time, I report to my supervisor, Director Regions East. During operational periods, 
I report to my supervisor and the State Incident Controller—dependent on the matter.’ 
12 ‘Yes, emergency communications is a priority. Keeping the routine [ordinary] communication 
to minimum, so when the emergency information is required to be sent out, the audience receives 
the message rather than being switched off.’ 
223 ‘Yes, this role requires a time-critical response to the life-threatening situations. Upon 
receiving information from police, operations has two minutes to activate an SES unit.’ 
107 ‘Yes, there is a huge difference between ordinary and operational. Whilst you still access to 
informal personal networks built over a period of time; you have difference requirements when 
operational. More strategic, time-critical decision making is required. Intelligence can come in 
from various areas, but deciphering what is correct and can the source be trusted is a major 
issue.’ 
79 ‘Yes, there is often a completely different communication pathway.’ 
113 ‘There is always more haste during an emergency time’ (operational activity). 
112 ‘Yes—generally during an emergency event of significance, most personnel working in region ops 
centres are 24/7.’ 
179 ‘During ordinary time, relationship management is informal, people are contacted for advice 
informally and not necessarily documented unless it related to a matter requiring documentation, 
such as a grievance. I have a strong network that I use during an ordinary time and seek advice 
informal to assist in forming my position or opinion on a particular matter. During an emergency, I 
document advice I receive in the Incident Controllers Log or Operational Log, as it forms part of a 
formal decision-making process or course of action.’ 
84 ‘There is a significant difference. Peacetime is about developing the relationships that I will 
need to effectively manage an emergency operation.’ 
88 ‘Yes—emergency time is generally a short timeframe with large numbers to be contacted.’ 
221 ‘Yes, time factors, nature of information, and different area of responsibilities.’ 
Table 4.21 Excerpts from Interviews—SES Staff Members 
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Table 4.21 shows that most respondents (84%) agreed that there are significant 
changes in the reporting and advice-seeking process during emergencies, compared to 
ordinary periods. Many SES staff members mentioned that ‘time (pressure of time)’ 
was a key staff concern during changes from ordinary periods to emergency/incident 
periods (ID 1, 23, 88, 221). During ordinary periods, people build informal 
relationships (ID 179, 84) naturally, so they can use their informal networks to solve 
issues during emergency periods. 
 
Figure 4.7. Pie chart of differences between emergency and ordinary periods. 
The pie chart above visually depicts that the majority (86%) of SES staff 
members indicated that their advice-seeking and reporting process is different during 
emergencies/incidents versus ordinary periods. The respondents’ excerpts above 
highlight how they build informal networks during ordinary periods; thus, one can 
infer that having an informal network is paramount during incidents. However, the 
SES staff members also used their formal network to report to their superiors in the 
organisational hierarchy. In regard to gathering information, SES staff members are 
more likely to use a personally trusted informal network to make decisions, obtain 
critical information or receive guidance to have work done. 
Differnece	in	Emergency	
and	Normal	Time
Yes		86%
No			11%
N/A			4%
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This question was not asked to volunteers because volunteers usually do not 
engage with the SES during ordinary (non-incident) periods, as most have other jobs. 
4.3.2 Critical success factors of disaster management  
In order to identify what enables a disaster incident to be well managed by the 
SES and the challenges associated with this, this study asked two questions: 
1. What do you think the SES did successfully in past incidents? 
2. What aspects of the SES could be improved? 
These questions allowed the respondents to focus on the critical success factors and 
challenges that need to be addressed when coordinating expertise for disaster 
management. In order to situate the context and relevance of the disaster incident, 
respondents were asked to think about a particular incident that was managed 
successfully, and then reflect on why the incident was successfully managed. 
 
 
Table 4.22 What Enables the SES to Deliver Successful Results (Survey Question 8) 
4.3.2.1 Critical success factors of disaster management—staff members  
For the staff members, seven different themes were identified, as shown in the 
table below. 
 
Reasons for success, by theme % 
1 Finding the right information at the right time 21 
2 Good communication 17 
3 Pre-planning  17 
4 Good social personal network 13 
5 Good coordination 8 
6 Experience  8 
7 Training 8 
8 NA 8 
Table 4.23 Seven Main Themes of Reasons for SES Success—Staff Members 
8. In a few words, why do you think this incident was successfully managed? 
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Table 4.24 presents excerpts from staff members’ qualitative feedback about ‘why the 
incidents were successful’. 
 
 
 
ID number Written answers of: ‘In a few words, why do you think this incident was successfully 
managed?’ 
23 ‘These incidents work as there is limited confusion with multiple sources seeking 
information at SES Head Quarter. Pressing demands that are not within Operational 
priorities.’ 
120 ‘The team at Nambucca took the initiative to run the operations on information 
gathered from visual readings rather than the gauges which had broken.’ 
12 ‘… clear information and priorities. Everyone knew the goals and went about their 
business to achieve them.’ 
48 ‘The Incident Controller (IC) rotation … communicated well with the team and put in 
place some forward looking strategies for managing the operational activity.’ 
106 ‘… adaptive in planning. Forward thinking and constant reviewal [sic] of plans and 
procedures.’ 
87 ‘Sound command and control at the lowest effective level. Good per event 
relationships and networks.’ 
224 ‘… coordinated well via SES Head Quarter and via region, local accommodation 
providers understanding our requests from previous incidents, reporting met 
deadlines.’ 
81 ‘The relationship I had established prior to the disaster with my colleagues in QLD 
[Queensland] and the pre-incident education, planning and training we had done 
interagency allowed me to seamlessly take over for my colleague and allow him to 
take a break during the ongoing flood disaster in 2011.’ 
225 ‘There was the opportunity to conduct significant preplanning immediately prior to 
the events and local resources were heavily reinforced both from a response and an 
IMT [Incident Management Team] perspective.’ 
223 ‘Well prepared, with adequate planning.’ 
107 ‘Communication between the IMT, community and volunteers.’ 
3 ‘Medium sized incident with good forward planning and communication.’ 
65 ‘The preparation was very well thought out with a lot of strategic measures put in 
place in anticipation of a change in direction. Also, it was a multi-agency incident and 
working with the other services and showing them that we were more than equal.’ 
111 ‘The agency, at all levels, maintained close relationships with other emergency 
service organisations and supporting agencies. Relationship management with 
government and media was a feature of the planning and response to the incidents.’ 
79 ‘… the appropriate people knew what was required and communicated effectively.’  
112 ‘… was coordinated at a state level, using priority based asset management. A 
Concept of operation document was implemented early in the event to allow for 
successful planning and mitigation measures.’ 
84 ‘The whole team worked together to meet the goal of protecting the communities 
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affected by the flood. There was limited political and organisational interference in the 
management of this event.’ 
88 ‘Members were very experienced—on the ground and all levels of IMT as we had had 
3 successive years of large flood/storm events.’ 
221 ‘Good communication worked well with other organisations.’ 
Table 4.24 Excerpts from Survey Question 8—Staff Members 
For a simple visualisation, the seven identified concept themes are presented 
in a bar chart in Figure 4.8. For a simple visualisation, the seven identified concept 
themes are presented in a bar chart in Figure 4.8. For the respondents who answered 
or made statements that were irrelevant to the constructs (social networks or expertise 
coordination) of the study, these were classified as “not applicable”. 
Figure 4.8. Bar chart of seven reasons for SES success—staff members 
As documented in Section 3.5.1.4, this study used Leximancer to identify themes and 
as a concept-mining tool. After all interviewees’ answers were loaded into the 
software, the following themes and their connections were identified. 
The results clearly indicated that SES staff members consider it vital to have 
good communication and to know where to find the right people. As per the thematic 
analysis of the concepts, communication was identified as key, particularly for the 
identification of expertise and bringing that expertise to bear.  
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Figure 4.9. Thematic analysis of why the SES is successful—staff members. 
Figure 4.10. Statistical thematic summary of concepts: why the SES is successful—
staff members. 
4.3.2.2 Critical success factors of disaster management in incident—
volunteers.  
There were some differences in the themes identified by the SES volunteers 
compared to the staff members; however, largely, the same themes were identified. 
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Reasons for success by themes % 
1 Good coordination 24 
2 Finding the right information in the right time 24 
3 Good social personal network 15 
4 Good communication 15 
5 Experience  9 
6 Teamwork 6 
7 Training 3 
8 NA 6 
Table 4.25 Seven Main Themes of Reasons for SES Success—Volunteers 
 
Figure 4.11. Bar chart of seven reasons for SES success—volunteers. 
The results showed clearly that good coordination and finding the right 
information in the right time were essential for volunteers to generate ideal results 
during disaster management. 
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Figure 4.12. Concepts illustration by Leximancer: why the SES is successful—
volunteers. 
The illustrated concept network above shows that, in terms of concepts, ‘teamwork 
coordination’ was the most significant concept identified, followed by communication 
and then information. 
Figure 4.13. Thematic summary of why the SES is successful—volunteers. 
The thematic summary also reflects the themes identified above. It illustrates 
that the most important concepts were ‘team’ and ‘management’, followed by 
‘community’ and ‘communication’. 
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4.3.3 Current issues with incident management  
To unpack the current issues related to incident management, respondents 
were asked to recall one of the most unsuccessful SES incidents and then answer: 
‘what should have SES done to manage the operation of this certain incident better?’ 
Through analysing their replies, the issues raised during the disaster incident 
management are provided below. 
Table 4.26 Question of What to Improve—Staff Members 
4.3.3.1 Results: what should have been improved in the disaster incident—
staff members. For the staff members, the main concepts derived from the qualitative 
analysis were as follows. 
 What to improve % 
1 Communication  27 
2 Information (knowing the right person with the 
right information) 
19 
3 Management (leadership)  23 
4 Planning/training 12 
5 Human network 8 
6 N/A 12 
Table 4.27 Top Themes by Staff Members 
The staff members answered that communication was very poor in the 
unsuccessfully managed incident. If communication was improved, they believed they 
would be able to work much better as a team. Table 4.28 detail the comments of staff 
members indicating areas of disaster management that need improving. 
 
 
 
 
Survey question: In a few words, what should have been done to make the operation of this 
certain incident better? 
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ID What can be improved in the management of a disaster 
79 ‘A consistent management and procedure would have made things a lot 
smoother and less stressful on all parties involved.’ 
2 ‘A state-wide radio communications plan for all agencies, an integrated.’ 
107 ‘Again, communication with the right information to the right place needs 
to be improved.’ 
87 ‘… Networks and leadership.’ 
220 ‘Better relationships at a local level.’ 
3 ‘Creation … planning to resolve the incident.’ 
84 ‘I didn’t have the staff resources or the relationships in place to effectively 
manage the event.’ 
225 ‘Improved planning processes and understanding of the capability of 
supporting agencies.’ 
224 ‘… had no idea/incorrect information of where/what they were doing.’ 
12 ‘… didn’t communicate well, lack of tasks, lack of understanding of what 
happens in the field.’ 
86 ‘Poor structure and emergency management principles.’ 
120 ‘Poor tasking and communication often sent to places where the jobs had been 
completed.’ 
Table 4.28 Excerpts from Answers of Survey Question ‘How to Improve’—Staff 
Members 
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Figure 4.14. Pie chart of what SES could improve—staff members. 
Figure 4.15. Content analysis (Leximancer) of ‘what to improve’—staff members. 
1	Communication	
2	Informaiton	(Knwoing	
right	person	with	
information)
3	Management	
(Leadership)	
4	Planning/	Trainig
5	Human	Network
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The diagram in Figure 4.15 confirms that communication, information and 
management were the main concepts identified as a result of the question.  
4.3.3.2 Results: what should have been improved in the disaster incident—
volunteers.  
For the volunteers, the main concepts derived from the qualitative analysis 
were as follows. 
 Conceptualised answers % 
1 Communication 33 
2 Right information in the right place  16 
3 Management 19 
4 Coordination 11 
5 Pre-planning 2 
6 No improvement needed 3 
7 Knowledge sharing 2 
8 N/A  10 
9 Other 3 
Table 4.29 Top Themes by Volunteers 
Most of the volunteers believed that it is critical to improve the manner of 
communication related to formal and informal networks. Moreover, having the right 
information in the right place seemed very important for volunteers, and they strongly 
believed this is an area that needs further improvement. 
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Figure 4.16. Bar chart of concepts: what SES could improve—volunteers. 
The bar chart in Figure 4.16 indicates the key areas that need improving in the 
organisation from the volunteers’ perspective. 
4.3.4 Formal and informal network use in ordinary times. In order to 
compare the preferred use of communication approaches during disaster and ordinary 
periods, Question 3 asked the following. 
 
 
 
 
Table 4.30 Survey Question of Formal and Informal Network 
4.3.4.1 Formal and informal network use—staff members  
During ordinary periods, the staff members would mostly use a combination 
of formal and informal networks. 
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Section G—Question 3: When you need to find someone with expertise in a particular 
field, how useful are the following approaches? 
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Ordinary periods % 
1 Informal 36 
2 Internet 5 
3 Formal 14 
4 Combination 45 
Table 4.31 How to Find Expertise in a Particular Field—Staff Members 
 
Figure 4.17. Bar chart of network usage during ordinary periods. 
As evidenced in the bar chart above, most staff members did not use the 
formal network alone to navigate their need to find expertise and experts, but instead 
used both informal networks and a combination of formal and informal networks. 
4.3.5 Formal and informal network use during disaster/incident  
In the survey Section G, Question 2 asked respondents to list the usefulness of 
various communication approaches in the context of the disaster incident that they 
nominated/recalled. 
Table 4.32 Usage of Network during Incidents—Survey Question 
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2. Please answer according to the specific incident you listed above. How useful was the 
informal/formal network for managing (transferring information or getting expertise/experts) 
the incident? 
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4.3.5.1 Formal and informal network use during disaster/incident—staff 
members.  
The staff members answered that informal networks were used the most for 
transferring information and attaining expertise or experts during an incident. 
Moreover, staff members used a combination of networks, which consisted of 
informal and formal networks (according to organisational chart). 
 Preferred network during disaster % 
1 Informal network 23 
2 Formal network 20 
3 The internet, web forum 18 
4 Combination of formal and informal networks 21 
5 Other personal method  18 
Table 4.33 Average Score of Each Network Usage—Staff Members 
The below figure is a bar chart of the usage of the preferred approaches during an 
incident. 
 
Figure 4.18. Bar chart of preferred network choice during incidents—staff members. 
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During an incident, the staff members preferred to use informal networks to 
obtain critical information for the decision-making process. The second most popular 
option was the use of a combination of formal and informal networks. 
4.3.5.2 Formal and informal network use in during disaster/incident—
volunteers.  
The same question was asked to volunteers to uncover which network type 
was most useful for managing disasters. The volunteers felt most comfortable using a 
combination network (both formal and informal networks). 
 Network types % 
1 Combination network 58 
2 Informal 18 
3 Formal 16 
4 The internet 8 
Table 4.34 Type of Network Used by Volunteers to Seek Expertise during Incidents 
 
Figure 4.19. Bar chart of use of network by volunteers to seek expertise during 
incidents. 
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4.3.6 Training  
The research also explored whether ICT and training may contribute to better 
coordination of expertise. A question was asked in Section F of the survey under the 
title ‘Effects of Workgroups/Training in an Emergency Management’. As documented 
in Chapter 2, the following hypothesis was presented: 
Hypothesis: Attending training has a positive correlation with coordination of 
expertise. 
 
 
 
 
 
 
 
Figure 4.20. Survey Section F—training. 
4.3.6.1 Correlation between training and coordination of expertise—staff 
members. Question 3 in Section F of the survey asked staff members if they felt 
training was helpful for them, and asked them to list each benefit of training in order 
of importance. The results of each benefit are illustrated in Figure 4.21. For the staff 
members, the most benefit they gained from attending training was attaining 
‘knowhow’ from other experienced people, followed by ‘building up personal 
network’ and ‘gaining information’. 
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Figure 4.21. Bar chart comparing the benefits of training—staff members. 
However, examining the result by itself did not indicate whether attending 
training was related to coordination of expertise. Therefore, the result was loaded into 
SPSS and analysed for correlations. The results from SPSS showed that the benefits 
of training were not positively related to expertise coordination. In addition, training 
attendance had no positive correlation with coordination of expertise. 
 
0 5 10 15 20 25 30
New	Skil
Network
Knowhow
Information
Benefits	of	Training
  153 
 
Table 4.35 Spearman’s Correlation between Staff Members’ Training Effect and Coordination of Expertise
Correlations 
 Expertise 
coordination 
Number of 
training sessions 
attended 
Outcome 
training 
updated skill 
Outcome 
personal 
network 
Outcome 
training 
knowhow 
Outcome 
training 
information 
Outcome 
training 
other 
Expertise 
coordination 
Correlation coefficient 1.000 -.033 -.224 -.377 -.272 .137 -.125 
Sig. (2-tailed) . .889 .343 .101 .246 .564 .598 
N 34 20 20 20 20 20 20 
No training 
attended 
Correlation coefficient -.033 1.000 .213 .489* .156 .267 .424 
Sig. (2-tailed) .889 . .367 .029 .511 .255 .062 
N 20 20 20 20 20 20 20 
Outcome training 
1 new updated 
skill 
Correlation coefficient -.224 .213 1.000 .096 .758** .664** .639** 
Sig. (2-tailed) .343 .367 . .687 .000 .001 .002 
N 20 20 20 20 20 20 20 
Outcome training 
1 broader personal 
network 
Correlation coefficient -.377 .489* .096 1.000 .222 .168 .356 
Sig. (2-tailed) .101 .029 .687 . .347 .479 .123 
N 20 20 20 20 20 20 20 
Outcome training 
1 knowhow 
Correlation coefficient -.272 .156 .758** .222 1.000 .701** .522* 
Sig. (2-tailed) .246 .511 .000 .347 . .001 .018 
N 20 20 20 20 20 20 20 
Outcome training 
1 information 
Correlation coefficient .137 .267 .664** .168 .701** 1.000 .373 
Sig. (2-tailed) .564 .255 .001 .479 .001 . .105 
N 20 20 20 20 20 20 20 
Outcome training 
1 other 
Correlation coefficient -.125 .424 .639** .356 .522* .373 1.000 
Sig. (2-tailed) .598 .062 .002 .123 .018 .105 . 
N 20 20 20 20 20 20 20 
*. Correlation is significant at the 0.05 level (2-tailed).**. Correlation is significant at the 0.01 level (2-tailed). 
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4.3.6.2 Training and coordination of expertise—volunteers  
The volunteers also answered questions about the benefits they received from 
attending training. Most of the volunteers stated that they primarily gained knowhow 
from each other, followed by gaining new or updated skills and information. Thus, 
most volunteers had a positive attitude towards attending training and believed that 
they were gaining benefits through the training. 
 
 
Figure 4.22. Bar chart comparing the benefits of training—volunteers. 
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Correlations 
 Overall 
coordination 
score 
Attend 
training 
Outcome 
training 1 new 
updated skill 
Outcome training 
1 broader personal 
network 
Outcome 
training 
knowhow 
Outcome 
training 
information 
Outcome 
training other 
Overall 
coordination 
score 
Correlation 
coefficient 
1.000 -.015 .142 .315* .318* .432** .136 
Sig. (2-tailed) . .916 .320 .024 .023 .002 .341 
N 302 49 51 51 51 51 51 
Attend training Correlation 
coefficient 
-.015 1.000 .238 .175 -.001 -.016 .020 
Sig. (2-tailed) .916 . .100 .229 .995 .913 .892 
N 49 49 49 49 49 49 49 
Outcome 
training 1 new 
updated skill 
Correlation 
coefficient 
.142 .238 1.000 .578** .778** .649** .500** 
Sig. (2-tailed) .320 .100 . .000 .000 .000 .000 
N 51 49 51 51 51 51 51 
Outcome 
training 1 
broader 
personal 
network 
Correlation 
coefficient 
.315* .175 .578** 1.000 .683** .723** .507** 
Sig. (2-tailed) .024 .229 .000 . .000 .000 .000 
N 51 49 51 51 51 51 51 
Outcome 
training 1 
knowhow 
Correlation 
coefficient 
.318* -.001 .778** .683** 1.000 .794** .580** 
Sig. (2-tailed) .023 .995 .000 .000 . .000 .000 
N 51 49 51 51 51 51 51 
Outcome 
training 1 
information 
Correlation 
coefficient 
.432** -.016 .649** .723** .794** 1.000 .611** 
Sig. (2-tailed) .002 .913 .000 .000 .000 . .000 
N 51 49 51 51 51 51 51 
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Outcome 
training 1 other 
Correlation 
coefficient 
.136 .020 .500** .507** .580** .611** 1.000 
Sig. (2-tailed) .341 .892 .000 .000 .000 .000 . 
N 51 49 51 51 51 51 51 
*. Correlation is significant at the 0.05 level (2-tailed). 
**. Correlation is significant at the 0.01 level (2-tailed). 
Table 4.36 Spearman’s Correlation between Volunteers’ Training Effect and Coordination of Expertise 
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The results indicated a significant positive correlation between training effect 
and coordination of expertise. In particular, having an improved personal network 
through training was significantly (r =.315, p = < .024) correlated to coordination of 
expertise. In addition, having more knowhow was significantly and positively (r 
= .318, p = < .05) related to coordination of expertise. Further, volunteers who were 
gaining more information through training were significantly and positively (r = .433, 
p = < .01) correlated to coordination of expertise.  
4.4 Conclusion 
This chapter has exhaustively reported the results from the data analysis, 
including both the quantitative and qualitative findings. This chapter provided 
descriptive statistics of the respondent demographics of both staff members and 
volunteers, along with the test of normality, followed by inferential statistics 
consisting of Spearman’s rank correlations to test the hypotheses stated in Chapter 2. 
Further, this chapter conducted a content analysis based on the qualitative data arising 
from the survey data. The content analysis was conducted using Leximancer to elicit 
and identify emerging themes and concepts that were connected to each other, as per 
the respondent comments. The following chapter provides a synthesis of these 
findings in light of the literature review and current literature in the fields of social 
networks, expertise coordination and disaster management. 
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Chapter 5 Synthesis and Discussion 
To reiterate, the primary objective of this study was to explore and understand 
the relationship between social network properties and coordination of expertise in 
knowledge-intensive work. This study was driven and inspired by the following 
research questions: 
1. What type of social structure is most effective and efficient for a 
knowledge-intensive workgroup to coordinate successfully to share and 
access expertise? 
2. How does the position of an actor in a social network matter in terms of 
sharing and accessing expertise? 
3. How does tie strength influence the coordination of expertise in a 
knowledge-intensive workgroup? 
4. How does ICT use enhance coordination of expertise? 
5. How does attending training help people coordinate more successfully? 
In endeavouring to answer the research questions, this chapter is dedicated to 
discussing and understanding the results and findings presented in Chapter 4, based 
on the theories and literature reviewed in Chapter 2. The discussion is structured and 
driven by the hypotheses, as follows: 
• H1: Closeness centrality is positively associated with coordination of 
expertise. 
• H2a: In-degree centrality is positively associated with coordination of 
expertise. 
• H2a: Out-degree centrality is positively associated with coordination of 
expertise. 
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• H3: Betweenness centrality is positively associated with coordination of 
expertise. 
• H4: Network density is negatively associated with coordination of 
expertise. 
• H5: Constraint in a network is negatively associated with coordination of 
expertise. 
• H6: Strength of ties is positively associated with coordination of expertise. 
• H7a: Use of ICT for professional communication activities is positively 
associated with coordination of expertise. 
• H7b: Use of ICT for professional communication activities is positively 
associated with social network properties at the network, actor and tie 
levels. 
• H8: Training attendance is positively associated with coordination of 
expertise. 
In order to begin the synthesis, it is useful to start with a visualisation of the 
sociograms of both the staff members’ and volunteer members’ networks. The staff 
members’ sociogram is illustrated in Figure 5.1. The sociogram depicts SES staff 
members’ expertise-seeking patterns in times of need, with the colours symbolising 
the different regions (branches) of the SES. The thickness of the lines in the 
sociogram represents the closeness of the members, while the arrows indicate the 
direction of expertise seeking. As shown in Figure 5.1, staff members are connected 
to each other in a fairly dense network, with the majority of advice seeking occurring 
in the centre of the sociogram. However, there are also many isolated members 
around the periphery of the network. The size of the nodes is in proportion to the 
betweenness centrality scores (larger nodes indicate higher betweenness centrality). 
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From this pattern, it is evident that the most central actors are those holding a 
‘corporate’ role, with a few members in the ‘operations west’ role. Density has been 
used to suggest evidence of information redundancy; thus, it is plausible that the 
members in the centre of the network are inundated with a high volume of requests 
for provision of advice—many of which could be redundant.  
 
 
 
 
 
 
 
 
 
 
Figure 5.1. SES professional advice-seeking expertise network—staff members. 
Figure 5.2 illustrates the professional network of SES volunteers. As per the 
staff members’ network above, in the volunteers’ network, the ties represent advice 
seeking and are directional, with the line thickness representing each actor’s closeness 
to other actors in terms of advice seeking. The thickness of ties here represents tie 
strength—or, more precisely, the strength of ties measured by emotional closeness. 
The larger the node, the higher the betweenness centrality scores. Compared to the 
staff members’ network, the volunteers’ network is more dispersed, as they only come 
together (and thus seek advice) as a team when there is a disaster incident. 
Nevertheless, volunteers develop, maintain and evolve their social network during 
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their time of volunteering. They likely work with different teams almost every time 
they are called for incident management. Therefore, volunteers form a fairly diverse 
network over time. 
 
 
Figure 5.2. SES professional advice-seeking expertise network—volunteers. 
 
5.1 Network-level Social Network and Coordination of Expertise 
Hypothesis 1 was based on Research Question 1: what kind of social structure 
is the most effective and efficient for a knowledge-intensive workgroup to coordinate 
successfully to share and access expertise? Hypothesis 1 stated: network density is 
negatively associated with coordination of expertise. In the staff members’ network, 
the findings suggest that, during disaster management, staff members who have 
higher density in their network are more likely to have lower coordination of expertise. 
This negative and statistically significant association indicates that disaster 
management staff members could have redundant information within a dense network, 
so that when they need to find expertise in their network, the density in that network 
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causes redundancy of information, which hinders staff members’ ability to find the 
right expertise in the whole network. While high density in a network could be a tool 
for faster innovation diffusion, as suggested by Coleman et al. (1966) and Freeman 
(1978), it can be a double-edged sword because a high velocity of innovation 
diffusion causes redundancy in networks that hinders the coordination of expertise. 
Regarding the volunteers’ network, density was not found to have any 
significant association with coordination of expertise. This finding comes as no 
surprise, as indicated by the sociogram above, where the connections are fairly sparse. 
These volunteers are not geographically located in the same place, unlike the staff 
members, who work within the organisational boundary and often in the same 
regional office. Further, unlike the staff members, the volunteers have no day-to-day 
interaction. In fact, the volunteers only come together when there is an emergency. 
This explains why the density in the volunteers’ network does not play any role when 
the volunteers coordinate access and shared expertise in times of need. 
5.2 Actor-level Social Network and Coordination of Expertise 
This section seeks to explain the findings from Chapter 4 with regard to the 
actor-level measures and coordination of expertise. The actor-level measures that are 
relevant here relate to degree (in- and out-degree centrality), betweenness centrality, 
closeness centrality and Burt’s (1992) structural holes measure of effective size and 
constraint. The following sections detail the findings based on each of these measures 
and their related hypotheses. 
5.2.1 In- and out-degree centrality and coordination of expertise  
For the SES staff members’ network, out-degree centrality had a negative and 
significant correlation with coordination of expertise. The results suggest that people 
who seek information from too many people do not coordinate well (r = −.445, p < 
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0.01) to bring expertise to bear, and vice versa. This implies that individuals who are 
more likely to seek information from many people also may not know the location 
where expertise is needed or where expertise is located, and could not actually bring 
that expertise to bear to solve the issues. In addition, it is noteworthy that individuals 
who look towards many people to find advice are most likely to use ICT tools, as 
there was a significant and moderate positive correlation found (r = .479, p < 0.05). 
Interestingly, the volunteers’ network results starkly contrasted the staff 
members’ network results. In the volunteers’ network, there was a very significant 
and moderate negative association between in-degree centrality and coordination of 
expertise (r = −.575, p = 0.000), which was true for all three dimensions of 
coordination of expertise. This is indicative of the fact that individuals who have high 
numbers of people seeking advice from them experience lower coordination of 
expertise. This can be attributed to the fact that the number of advice or information 
requests likely disrupts or interrupts the coordination of expertise process. However, 
the volunteers’ out-degree centrality measure was found to be strongly, positively and 
significantly correlated with coordination of expertise (r = .923, p = .000). The 
measure was also found to be significantly and positively associated with all three 
dimensions of coordination of expertise. This suggests that volunteers who have many 
advice-seeking requests tend to rate highly in coordination of expertise, and vice versa. 
According to Cross and Cummings (2004) and Freeman (1978), degree 
centrality is a crucial representation of information activity. What is remarkable is that, 
in the staff members’ network—a network facilitated by organisational structure—
there was no significant association between degree centrality and coordination of 
expertise. The same applied to density of the network structure. The volunteer 
members’ network was ad hoc in nature and more autonomous than the staff members’ 
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network. The volunteers’ network was also not driven by any organisational structure. 
Yet, for the volunteers’ network—which was sparser than the staff members’ 
network—volunteers who sought more help experienced better coordination of 
expertise during disaster management. These findings are interesting, given the 
governance structure of the networks. 
5.2.2 Betweenness centrality and coordination of expertise  
Betweenness centrality is one of the main indicators of an actor’s centrality in 
a network. It represents the extent to which an actor lies in the shortest path in a 
network for another actor to communicate with them. It provides brokerage 
opportunity for the actor to control the communication flow within the network. 
Betweenness centrality in the staff network had no association with coordination of 
expertise. However, in the volunteers’ network, betweenness centrality had a 
significant positive association (r = .121*, p < 0.05). Breaking down the coordination 
expertise construct into its three dimensions, the betweenness centrality measure was 
also significantly positively associated with recognising the need for expertise (r 
= .141, p < 0.05) and bringing expertise to bear (r = .137, p < .05). There was also a 
very near significant result with the correlation of location of expertise and 
betweenness centrality (r = .114, p = .055). Although this was not strictly significant 
in statistical terms, it is a noteworthy result. 
Therefore, in the volunteer members’ network, volunteers who play brokerage 
roles experience higher coordination of expertise. During crucial times of 
emergencies, they were instrumental in the channelling and control of information and 
flow of advice. As Burt (1992) stated, an actor who has higher betweenness centrality 
is most likely to have power and influence over the other actors in the network and 
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obtain novel ideas or information. Thus, the findings from the volunteers’ network 
help validate the hypotheses related to betweenness centrality. 
5.2.3 Closeness centrality and coordination of expertise  
Although not reported in any of the hypotheses, it is also worth mentioning the 
observation of closeness centrality and its association with coordination of expertise. 
Closeness centrality is a measure of the proximity of an actor to all other actors in the 
network. It is also an index for the minimum cost of time and efficiency for an actor 
to communicate with other actors in the network. In other words, the closeness 
centrality of an actor expresses the extent to which that actor is independent in the 
network in terms of accessing all other actors within the network. Since SES staff 
members’ and volunteers’ networks are directed advice networks, in-closeness and 
out-closeness were measured. In-closeness centrality indicates how easily other actors 
can reach the focal actor or the ego. It also indicates the shortest distance to the actor 
from all other actors in the network. Conversely, out-closeness centrality measures 
how easily the focal actor can reach all other actors in the network. The diagrams 
below depict sociograms of the advice-seeking networks of both staff and volunteers. 
 
 
 
 
 
 
 
 
Figure 5.3. Staff members’ directed advice-seeking network. 
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Figure 5.4. Volunteers’ directed advice-seeking network. 
 
 
 
 
 
 
 
 
 
Figure 5.5. Volunteers’ sociogram colour nodes by attribute—SES roles. 
 
The staff members’ network indicated that in-closeness centrality was 
positively correlated with expertise of coordination, meaning that staff members who 
had the shortest path to access or reach from other people to them had higher 
coordination expertise when they needed to access and share expertise in times of 
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need. This correlation was significant. However, for the volunteers’ network, in-
closeness and out-closeness both indicated significant negatively correlations, which 
means that, for volunteers, being fairly independent in the network in terms of 
accessing others or being accessed by others lowers the coordination of expertise. 
5.2.4 Effective size and coordination of expertise  
As documented earlier in Chapter 2, effective size is a measure proposed by 
Burt (1992) to quantify the inverse of redundancy in a network. Redundancy is 
considered, as time and energy need to invest in a relationship with other actors. 
Effective size is defined as a sum of the non-redundant contacts. The higher the 
effective size for the focal actor, the more novel information is being drawn from 
other primary actors, whether they are connected or not connected to each other.  
In the staff members’ network, it was found that effective size and expertise of 
coordination were significantly and negatively correlated. This means that, for staff 
members, their effective size in their network correlated negatively with coordination 
of expertise. A plausible and likely explanation for this result is that, because most 
staff members are bound by the organisational structure, it is likely that, although they 
are able to obtain new and novel information, they do so from staff members who are 
connected to each other, thereby limiting the influence of the effective size in the 
network. 
However, the volunteers’ network showed a starkly different result. In the 
volunteers’ network, effective size and coordination of expertise were strongly and 
possibly correlated. This means that the volunteers’ advice-seeking network is less 
redundant because they obtain information and advice from members who are less 
likely to be connected with each other. They are not bound by the organisational 
structure of SES and form ad-hoc networks; thus, they draw advice from networks of 
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individuals who are themselves not well connected, thereby enabling novel 
information retrieval. This is associated with better access to and sharing of expertise 
in times of need. 
5.2.5 Network constraint and coordination of expertise  
In light of the discussion on the implications of effective size of a network, 
constraint is the extent to which limiting opportunities are experienced by actors 
because of maintaining relationships that may lead back to a single contact (Burt, 
1992, p. 55). If an actor is connected to many other actors who are connected to each 
other, the actor’s ego network will be highly constrained (Hanneman, 2001). Chapter 
2 presented more extensive discussion on constraint. 
In the volunteers’ network, it was found that there was a strong and negative 
correlation between constraint and coordination of expertise. Therefore, conversely, 
when the network was less constrained, better coordination of expertise was delivered. 
This aligns with the literature on networks documented by Burt (1992). The results 
indicated that this principle of constraint applies even with knowledge-intensive 
workers in a volunteering ad-hoc community. In contrast, the staff members’ network 
results showed no significance for constraint and coordination of expertise. 
5.3 Tie-level Social Network and Coordination of Expertise 
The hypothesis of tie strength was developed from the fourth research 
question of the study, motivated by theories based on the strength of weak ties by 
Granovetter (1973) and Reagans and McEvily (2003). Reagans and McEvily 
indicated that tie strength in a network enables trust, which can be an intrinsic 
facilitator when knowledge needs to be transferred. Trust allows people in a network 
to feel confident to share information, and gives people a safe feeling that the 
information will not be prosecuted inappropriate or misused (Krackhardt, 1990; 
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McEvily et al., 2003). Therefore, it was hypothesised that tie strength would be 
positively associated with coordination of expertise.  
The results from the volunteers’ network showed that tie strength was strongly 
and positively related to coordination of expertise. The finding was very significant. 
This suggests that the volunteers who had stronger tie strength experienced better 
coordination of expertise during an incident. This echoes findings from the literature 
that strong ties provide an element of trust for people to share knowledge, especially 
during an incident or emergency (Krackhardt, 1990; McEvily et al., 2003). Thus, 
these results are indicative of the fact that, while volunteer networks are in many ways 
ad hoc and autonomous, these strong ties are instrumental for coordination of 
expertise.  
Further, the results indicate that, when volunteers have stronger ties (higher 
frequency of advice seeking and stronger emotional closeness), they tend to use ICT 
tools more to coordinate to seek expertise. Interestingly, people who use ICT tools 
more also have a higher coordination of expertise score. Therefore, tie strength plays 
a significant role in access and sharing of expertise. 
5.4 Formal and Informal Network Use 
During ordinary periods when there are no incidents, staff members use their 
informal networks (which represent 36% of their communication) to seek expertise in 
their day-to-day jobs. 
 
Preferred network during ordinary periods % 
1 Informal 36 
2 The internet 5 
3 Formal 14 
4 Combination 45 
Table 5.1 Average Scores of Network Usage during Ordinary Periods—Staff 
Members 
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 Preferred network during disaster % 
1 Informal network 23 
2 Formal network 20 
3 The internet, web forum 18 
4 Combination of formal and informal networks 21 
5 Other personal method  18 
Table 5.2 Average Score of Network Usage during Incidents—Staff Members 
To shed some light on the use of informal networks among staff members, the 
findings from the first, second and last confirmation interviews with the SES chief 
information officer supported the notion of the importance of the informal network. 
The SES manager of geographical information systems stated that: ‘Most of the time, 
I use my informal weak ties to solve issues and problems’. He also stated: 
I will use both formal and informal structure, but if I already have a map in my 
mind how to look for expertise, then I will use informal structure. If I have no 
idea at all, then I will use [the] formal structure. 
This comment was common throughout the interviews from other participants. For 
example, the SAP project manager stated: ‘I use both formal and informal 
organisation structures to do my job, but I use informal structure more to look for 
expertise’. She also added: ‘When I need to find unexpected help or expertise, I make 
use of my acquaintance relationships [weak ties]’. Further details of the interview 
summary can be found in the appendix, where contact summary sheets are provided 
for the first interviews. Interestingly, a manager in a higher decision-making position 
stated: 
I think awareness of formal structure is needed, but this is not a driver—real 
help comes from informal networks. Personally, I talk to people in my team 
first. However, for first opinion, I will go to people where I have a strong-tie 
relationship with because of trust. 
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The results strongly support the notion that SES staff members use their formal 
network to guide them because SES is a command-control type of organisation. 
However, when staff members need to make a decision or seek expertise, they are 
more likely to use their informal networks. Informal networks are characterised by 
strong-tie relationships and weak-tie relationships. People who are not in a higher 
managerial level use personal weak-tie relationships to find much-needed information 
and expertise. However, people who have more responsibility and power in decision 
making will want to use strong personal ties to attain information and advice because 
stronger ties have intrinsic trust embedded. 
5.5 ICT Use and Coordination of Expertise 
The fourth research question sought to understand the extent to which ICT use 
enhanced coordination of expertise. This hypothesis was established based on Nardi et 
al.’s (2000) and Butler’s (2001) study on how ICT affects information access and 
sharing through relational and non-relational information needs. 
The volunteers’ network indicated a strong and significant correlation between 
ICT use and coordination of expertise. This means that volunteers who used more ICT 
(such as mobile telephones, emails, radios, computers and satellite systems) were 
more likely to access and share expertise. Since the volunteers’ network is an ad-hoc 
network, they are only called to help when incidents occur. Thus, their network is a 
spontaneous network, which means it is crucial that volunteers equip themselves with 
ICT and use it as a tool to gather all the available information for them to find the 
right expertise at the right location, and bring it to bear.  
However, for the staff members, ICT use did not have a significant correlation 
with coordination of expertise. This result was confusing from the researcher’s point 
of view; thus, the research contacted the SES manager to confirm the result with 
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further explanation. Through the final interview, the manager revealed that, two years 
ago, the SES had a major restructure. During that time, many people resigned from 
their jobs and the SES had to employ new staff members. These new SES members 
have no training in ICT use within the SES; thus, ICT use was not reflected strongly 
by the staff members in the survey result (ICAC, 2013). 
5.6 Training and Coordination of Expertise 
The hypothesis relating to training was developed based on the studies by Ellis 
et al. (2005). They stated that training enhances the effectiveness of teams and has a 
very significant and positive effect on the outcome of both cognitive and technical 
skills (Ellis et al., 2005). Team members who attend training show higher levels of 
knowledge regarding teamwork competency, as well as greater expertise, and these 
skills lead the members to have better planning, problem-solving communication, 
collaboration and task coordination (Steiner, 1972). Moreover, the literature shows 
that cognitive (accessing of knowledge) skills and applied skills are well interrelated 
(Ellis et al., 2005). 
According to the results outlined in Chapter 4, Section 4.3.6.2, the volunteer 
network indicated that training and coordination of expertise were positively related. 
In particular, having an improved personal network and knowhow through training 
were significantly correlated to coordination of expertise. Volunteers who attended 
training were most likely to coordinate successfully when they needed to locate 
expertise during an incident. However, with the staff members’ data, no significant 
correlation was found regarding training and coordination of expertise. 
5.7 Conclusion 
This chapter has delivered a broad combination of existing theories and 
literature, and synthesised them with the findings from the results of this study. 
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Through this chapter, it is clear that network level (density) and actor level (degree 
centrality, betweenness, closeness centrality and constraint) are the most crucial and 
closely linked to coordination of expertise in times of need. This chapter has also 
shown that ICT use and centrality are positively correlated in the SES staff member 
network, with organisational network and training positively related to the volunteers’ 
(ad-hoc) network. The following conceptual map would give clear and systematic 
view of the result. 
 
 
 
 
 
 
 
 
 
 
Figure 5.6 Staff member survey result and its connection with measures  
 
These results were interpreted within the context of a knowledge-intensive 
workgroup—specifically in the domain of disaster management in NSW SES, who 
work in geographically distributed environments in the state of NSW, Australia. Most 
of the findings presented confirm the existing literature.  
 
 
The University of Sydney Page 37 
In a n t shell – Staff Members 
ICT Use  
Closeness 
Centrality 
Density 
Out-degree 
Centrality 
Efficiency 
Coordination of 
Expertise 
Positive 
Correlation 
Negative 
Correlation 
.480* 
-372* 
.471** 
-.445** 
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Figure 5.7 Volunteers member survey result and its connection with measures 
However, one novel and interesting result is that the two different networks—
an organisational-structured network and ad-hoc structured network—indicated 
different results. The following chapter concludes this study by providing an overall 
summary and discussing the study’s key findings, implications, practice, future 
directions and limitations. 
 
  
The University of Sydney Page 21 
Results 
ICT Use  
Closeness 
Centrality 
Out-degree 
Centrality 
Efficiency 
Coordination of 
Expertise 
Positive 
Correlation 
Negative 
Correlation 
.
978** 
.584** 
.121* 
.-923** 
-.575** 
In-degree 
Centrality 
.923** 
Betweeness 
Constraint 
-.359** 
Strength of Ties- Closeness 
.295* 
-.565** 
.924** 
.145* 
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Chapter 6 Conclusion: Implications and Future Directions 
The final chapter of the thesis provides an overall summary of the research, 
and discusses the significance of the research at the theoretical, methodological and 
domain levels. It synthesises the research questions, hypotheses and results, and 
suggests the practical implications of the study. The chapter finishes by exploring the 
limitations of the study, followed by suggestions for future research directions and 
practice. 
6.1 Summary and Key Findings 
This study contributes to the literature on social network theory, applications 
of SNA, and coordination of expertise in knowledge-intensive disaster management 
workgroups. The SES in NSW, Australia, provided the context for the study. Two 
advice-seeking networks of staff and volunteers were observed and studied. By 
comparing the staff members’ (organisational) network and volunteers’ (ad-hoc) 
network, a number of insights were gained. A brief summary of the findings is 
presented in Table 6.1. These findings are grouped by each hypothesis, as detailed in 
Chapter 2. 
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Hypothesis Key construct measured Staff members 
(structured 
organisation network) 
Volunteers (ad-hoc, 
unstructured 
organisation network) 
H1: Closeness centrality 
is positively associated 
with coordination of 
expertise 
Closeness centrality Very significant 
positive correlation 
** 
Very significant 
negative correlation 
** 
H2a: In-degree centrality 
is positively associated 
with coordination of 
expertise 
In-degree centrality Negative correlation 
* 
Significant negative 
correlation * 
H2b: Out-degree 
centrality is positively 
associated with 
coordination of expertise 
Out-degree centrality Very significant 
negative correlation 
** 
Very significant 
positive correlation ** 
H3: Betweenness 
centrality is positively 
associated with 
coordination of expertise 
Betweenness centrality No significance Significant positive 
correlation * 
H4: Network density is 
negatively associated 
with coordination of 
expertise 
Density Very significant 
negative correlation 
** 
No correlation 
H5: Constraint in a 
network is negatively 
associated with 
coordination of expertise 
Constraint No significance Very significant 
negative correlation 
** 
H6: Strength of ties is 
positively associated with 
coordination of expertise 
Strength of ties No significance Very significant 
positive correlation ** 
H7a: Use of ICT for 
professional 
communication activities 
is positively associated 
with coordination of 
expertise 
Ten questions on ICT 
use in survey 
No significance Very significant 
positive correlation ** 
H7b: Use of ICT for 
professional 
communication activities 
is positively associated 
with social network 
properties at the network, 
actor and tie levels 
Social network property 
measures  
Degree and effective 
size significantly and 
positively correlated 
* 
Degree, betweenness 
and effective size 
significantly and 
positively correlated 
** 
* = Correlation is significant at the 0.05 level (2-tailed). ** = Correlation is significant at the 0.01 level 
(2-tailed). 
Table 6.1 Hypothesis and Key Findings 
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As documented in Chapter 4, interviews were held to help delineate the 
quantitative findings. The table below summarises the key findings attained from the 
content analysis of the qualitative interviews.  
These findings highlight the importance of informal networks for the 
coordination of expertise during disaster incidents. 
 
Key Findings Method Used Staff Network  Volunteer Network 
Informal network plays a 
significant role in the 
coordination of expertise 
Survey and Interviews  Informal network 
plays a significant 
role in professional 
network 
Informal network 
plays a significant 
role in professional 
network 
Training attendance is 
positively associated with 
coordination of expertise 
Questions on training 
used in survey 
There was no official 
training for staff 
members 
Volunteers gained a 
positive result from 
attending training 
Table 6.2 Key Findings from Content Analysis 
In summary, the key findings endorsed evidence from social network theories 
that structure, position and tie strength play vital roles in the coordination of expertise. 
Remarkably, the second key finding addressed a main gap in the literature on 
understanding the social network properties that affect the coordination of expertise, 
and the effects of ICT use and training. As technology is increasingly accepted by 
society and organisations, this research addresses a gap regarding how professional 
networks influence technology use and coordination of expertise. Below, the 
implications of the research are discussed. 
6.1.1 Theoretical significance 
This study was motivated by social network theories, such as structural holes 
theory, strength of weak tie theory, and coordination theory. This study was 
interdisciplinary and the theories that inspired the study contribute to this study’s 
novelty. The results presented in Tables 6.1 and 6.2 evidence that the structure and 
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position of networks play a significant role in both organisational (staff member 
network) and ad-hoc (volunteer network) structures.  
The theoretical implications of this study are twofold. First, this study 
contributes to the current literature by exploring social network theory alongside 
coordination theory. There has been a great deal of literature based on social network 
and performance in general, but very few studies focusing on coordination. While 
very scant studies have explored the constructs of social network and coordination, 
these studies used coordination as an analogous concept or high-level paradigm to 
guide the research. That is, they did not deal with pragmatic or operationalised 
interpretations of the coordination construct. Therefore, this study is novel and unique 
because it explored the relationship between coordination and social network 
properties. 
Second, this research has extended the traditional theory of coordination from 
task-driven coordination to the socio-cognitive and distributed cognition aspects of 
knowledge-intensive teamwork. Historically, coordination studies were about 
computer programming coordination and feedback coordination (March & Simon, 
1958) and mutual adjustment coordination (Thompson, 1967; Ven et al., 1976). A 
number of studies in the past have focused on personal and group mode coordination 
and communication coordination (Allen, 1984; Wholey et al., 1996), or formal and 
informal procedure coordination (Kraut & Streeter, 1995). Further, previous studies 
have explored communication coordination (Allen, 1984; Tushman, 1977; Wholey et 
al., 1996). These studies often used content-free measures of frequency, which meant 
that questions were asked about their coordination capacity without specifying content 
or subject matter. For instance, questions used in these studies included: ‘Indicate the 
extent to which each of the following mechanisms is used to coordinate work among 
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unit personnel within the unit’ (VandeVen et al., 1976); In this study, coordination 
was understood through social networks and cognitive perception. 
Third, this study contributes to the literature by critically reviewing 
coordination theory in terms of its definition, constructs, and application across 
various disciplines. It is clear that, to date, there is a lack of empirical work 
undertaken to test and validate the theory. In an effort to contribute towards this 
theoretical ground, this study raised the importance of considering ‘conflicting goals’ 
as part of the component of multi-organisational coordination. Moreover, 
‘knowledge-expertise dependencies’ and ‘expertise coordination’ are proposed as 
dependencies for knowledge-intensive and time-critical work. This study also outlined 
processes for measuring and managing such dependencies (as discussed in the 
following section). The difficulty of measuring coordination has also previously been 
highlighted, which indicated the need for this empirical study. 
Finally, this study applied the constructs of coordination theory to the area of 
disaster management in order to understand to understand how this theory can help 
improve the coordination of multi-organisations during an emerging crisis through 
social networks.  
6.1.2 Methodological significance  
Methodologically, this study provided a triangulation process and survey 
instrument template for the collection of reliable and validated data to understand the 
coordination of expertise through social network theory (Rothbauer, 2008). Both 
quantitative and qualitative methods were used together in this mixed-methods study. 
Quantitatively, the social network–based survey instrument enabled the collection of 
individual demographic data, social network data and coordination of expertise 
measure data. Qualitatively, six interview sets and one post-result interview set 
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provided a mechanism for further validation of the quantitative data in order to 
understand the organisation’s formal and informal communication channels in a much 
richer way. 
Regarding operationalising the ‘coordination of expertise’ construct, this study 
specifically encompassed validated and reliable measures, from Faraj and Sproull’s 
(2000) research on expertise coordination to Malone and Crowston’s (1990) 
conceptual work on defining coordination and outlining a theory of coordination. 
Therefore, it is argued that there is methodological rigour and value to this study. As 
documented earlier, most research on coordination in groups was limited in its 
operationalisation of expertise coordination. For example, Hutchins’s (1991) research 
was based on observation and interviews on aircraft carriers, while other researchers 
performed experiments on coordination studies on videotape coding to measure team 
process (Liang et al., 1995) and others experimented on levels of recall (Wegner et al., 
1991). Even when surveys were undertaken in coordination studies, these surveys 
were mainly used to elicit coordination modes (Kraut & Streeter, 1995; VandeVen et 
al., 1976) or the frequency of communication (Allen, 1984; Tushman, 1977; Wholey 
et al., 1996), without specifically defining coordination. 
Therefore, this study contributes to a triangulation methodology using both 
social network surveys and in-depth semi-structured interviews to understand the 
expertise coordination process during disaster management. It is believed that this 
methodology can be applied to other similar knowledge-intensive work contexts, such 
as emergency departments in hospitals, fundraising events, incident management 
agencies and so forth (as is further explained in the following section). 
6.1.3 Domain-level significance  
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For this study, the disaster management domain—and specifically, the SES of 
NSW, Australia—was selected because it allowed a snapshot of network structures of 
the communication of individuals during ordinary periods (business as usual) and 
during incident periods. It was also very interesting to contrast these network 
structures with the formal organisational structures provided by the SES during both 
ordinary and incident times. 
The SES has an ordinary command-control organisation structure, which has 
evolved over many years. The figure below presents the most recent organisational 
chart published by the SES (2015). Every SES staff member follows this 
organisational chart, which indicates to which authorities people should report during 
ordinary periods. Nonetheless, it is suggested that, when an incident arises, this 
command-control chart should convert to another organisational structure by the 
Australasian Inter-Service Incident Management System (AIIMS).3 
Figure 6.1. SES organisational chart during ordinary periods. Source: SES (2015). 
 
                                                
3 The AIIMS is a nationally recognised emergency disaster management system to help during 
bushfires, floods, storms, cyclones and so forth. This agency uses an all-agency approach. The AIIMS 
is a standard for emergency service agencies. 
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Figure 6.2. AIIMS suggested organisational structure during incident periods (AIIMS 
2013)  
This emergency chart is essentially the standardised incident organisational 
structure for the SES. Despite this, per the results shown in this study, this chart is not 
the optimal or most efficient structure for the SES in terms of coordination. 
Comparing Figures 6.1 and 6.2, there is one obvious difference in the reporting 
system. The ordinary period organisation chart shows seven direct report systems to 
one single contact (the commissioner), while the (AIIMS 2013)chart shows that a 
single contact person needs to manage 10 direct report systems. One key finding in 
this study is that, when people have higher in-degree centrality (or more connections 
linked to them), their coordination of expertise score decreased. Thus, it is not ideal to 
have one single contact during an incident because whoever is placed in an incident 
controller’s position will be inevitably overwhelmed by information, so that he or she 
might delay coordinating due to processing large amounts of information. 
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This result is supported by the literature on communication during incident 
management by Hermann (1963), who discovered that, during an incident, the amount 
of information flow increases, while the number of channels used decreases. 
Consequently, information is overloaded and the central channel experiences a 
bottleneck, which can cause communication system failure and loss or delay of 
important information reaching the appropriate person or group (Quarantelli, 1997). 
Thus, revising or reviewing the proposed incident organisational chart is critical, as it 
is essential for emergency agents to have expertise in the right time at the right place 
(Hale et al., 2005). 
It is envisaged that the conceptual model proposed in this study can be applied 
to other similar knowledge-intensive organisations that have formal, informal or a 
mixture of permanent and ad-hoc networks. In particular, this model will be very 
useful to understand coordination and communication of networks , such as in 
hospital emergency departments when a disease outbreak occurs, when medical 
volunteers onsite will have to coordinate with emergency departments in an extremely 
complex environment. 
6.2 Implications of the Study 
This section discusses this study’s practical implications and contributions. 
The implications of this research are that it has extended traditional coordination 
theory by proposing a new dependency construct (of expertise coordination) and a 
new coordination process. In addition, this study enhances the research methodology 
and demonstration of modelling of coordination in the context of coordination of 
expertise during disaster management. Practical implications include the presentation 
of guidelines for developing an efficient management communication social network 
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structure, acknowledgement of the importance of both formal and informal networks, 
and outlining the patterns of usage of informal networks. 
6.2.1 Research implications regarding theory and methodology  
This section presents the implications of this study concerning theory and 
methodology. It first considers the theoretical implications, and then discusses the 
methodological implications. Finally, it evaluates the implications for practice in the 
domain context.  
The theoretical contributions made in this study are listed in numbered form, 
as follows. This research: 
1. exploited a social network perspective to understand individual 
coordination of expertise in a knowledge-intensive workgroup in a disaster 
management setting 
2. established a conceptual model to explore the associations between social 
network structure, position, ties, ICT use and coordination of expertise in a 
knowledge-intensive workgroup 
3. extended the traditional theory of social networks and coordination at the 
micro and individual level: 
a. by examining the frequency of technology use and its patterns to 
explain the relationship between social network properties and 
coordination of expertise 
b. by proposing a new dependency and coordination process for 
traditional coordination theory to be more up to date and applicable to 
knowledge-intensive workgroups 
4. extended traditional coordination study with an expertise of coordination 
study by developing usable survey measures with social network 
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properties; all three expertise coordination processes were empirically 
tested and analysed in association with social network properties, ICT use 
and training effect 
5. demonstrated how the research model can be operationalised in the context 
of SES in NSW, Australia; it is also the first study in the SES to measure 
social network and coordination of expertise during a specific disaster 
incident. 
This study builds on the methodological tradition established by Burt (1984) 
to study the effect of social networks on performance from an egocentric network 
perspective. Although the ‘gold standard’ of whole network data was unachievable 
due to the response rate, the patterns and individual communication trends from the 
sample were clearly visible and reasonably represented the way the organisation 
interacted for advice seeking during disaster events. By also incorporating a 
technology (ICT) use measure, as Sproull and Kiesler (1991) suggested, the study 
results also indicated that there is a positive relationship between social network 
properties and ICT-mediated coordination of expertise. 
In addition, this study examined team training and coordination of expertise. 
The relationship between training and coordination of expertise has never previously 
been explored in the field of coordination study. According to the findings, generic 
training has a significant and positive influence on both cognitive and skill-based 
outcomes for the volunteers’ network. This result is in accordance with the research 
by Ellis et al. (2005), in which team members who attended regular training had 
higher levels of much-needed knowledge. Likewise, these people presented better 
competencies and greater expertise, especially in task coordination, collaborative 
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problem solving, planning and communication. Thus, the results suggested that 
attending regular training and coordination of expertise were positively related. 
6.2.2 Practical implications regarding context of study  
Concerning practice, this study can be applied to coordination of expertise 
during an incident for disaster management agencies in a number of ways. First, 
awareness of the significance of informal personal networks should be encouraged by 
disaster management agencies by the executive members of the organisation, and 
incorporated into organisational strategy. This means embedding opportunities to 
form informal networks in the organisation at all levels. This would prepare an 
adaptive, agile and robust network of communication, particularly for disaster 
management occasions. 
In this study, it was noted that the SES staff and volunteers followed the 
hierarchical structure only to cover themselves in case something went wrong during 
the event. However, to access and share expertise, they relied on their informal 
personal networks. This informal network information-seeking behaviour or pattern 
should not be discouraged; rather, this behaviour should be acknowledged, accepted 
and even encouraged within the organisational structure. As many respondents stated, 
this behaviour has many benefits for the organisation as a whole, both directly and 
indirectly, as follows: 
1. The informal network ‘gets things done’. 
2. The informal network is a fast way to share and access information 
(expertise). 
3. Especially in emergencies, valid information and trust networks play a 
crucial role. 
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4. The informal network may offer more accurate information, especially 
from the actual incident sites. 
5. The informal network allows people to know who they should contact, 
which enables people to easily undertake natural follow-ups on incidents. 
6. The informal network reduces bureaucracy. 
This study also raises the importance of social networks for disaster 
management agencies and volunteers working in a complex and dynamic environment. 
The results indicated that social network properties (network, actor and tie levels) 
have strong potential to enhance the coordination of expertise during an incident. 
Most previous research (Cheng, 1983; Gupta et al., 1994; Kraut & Streeter, 1995; 
VandeVen et al., 1976) used coordination as an independent value to measure the 
performance of individuals. In this study, coordination of expertise was used as a 
dependent value.  
In addition, this study narrows down specific dimensions of coordination of 
expertise so that managers can measure and seek to improve their own coordination of 
expertise, which will enable positive team outcomes. Hence, this study suggests that 
managerial-level leaders need to be aware of the importance of knowing where 
expertise is needed, where expertise is located, and how to bring that expertise to bear. 
Finally, the results indicated that training is vital to the creation, development 
and sustenance of informal networks. Normally during an incident, ad-hoc disaster 
management agencies and volunteers (including internal and external joint 
organisations) work together to contain and manage the disaster. During training, 
opportunities exist to form and develop both internal ties and latent ties—ties that 
come into existence and are crucial during disasters. Thus, it is important to 
encourage opportunities to develop informal networks, such as through training. 
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6.3 Limitations of the Study 
As with all research, this study has several limitations, some of which were 
beyond the researcher’s control. To begin with, this study was conducted within the 
population of 200 staff members and 100 volunteers who participated in disaster 
incidents six months prior to when the survey was administered. A total of 66 staff 
members and 75 volunteers responded to the survey. Therefore, to generalise the 
results for larger groups, the study needs to involve more staff members and 
volunteers from different groups, areas and levels. Had this study been commissioned 
by the head of the organisation (such as the chief executive officer) and had all 200 
staff members completed the survey, the results would have encompassed a whole 
network, which would help managerial-level executives view the organisational 
network as a snapshot. Further, management could intervene for positive team 
outcomes, and generalisation of the study findings could be made at a population level. 
However, currently, with the limitation of the sample size, the data and its 
interpretation are limited to the context of the SES. 
Nevertheless, given the time, scope and lack of incentives for participants to 
complete the survey, it was still a great positive to be able to access SES in NSW, 
Australia. SES agents are extremely busy dealing with complex problems, as there are 
only 200 paid staff member across the entire NSW state (809,444 km2 in size). 
Further, the SES volunteers usually have other employment. At this point, it is crucial 
to indicate that this study does not claim or have the ambition to explain all the 
alterations that account for coordination of expertise during disaster. Rather, this 
study explored the theoretical motivation to understand the relationship between 
social network properties and coordination of expertise. 
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Further, as the domain of study was narrowly focused within a disaster 
management context as a sample of a knowledge-intensive workgroup, there is a clear 
need to investigate coordination of expertise in other domain settings, such as hospital 
emergency department settings. 
6.4 Directions of Future Research 
This study was built on social network theories (Borgatti, 2005; Burt, 1992; 
Freeman, 1996; Granovetter, 1973) and traditional coordination theory (Crowston et 
al., 2006) to understand the relationship between social network and coordination of 
expertise (Faraj & Sproull, 2000)—that is, expertise access and sharing during a 
disaster.  
First, this study could be repeated in a different domain context in a 
knowledge-intensive workgroup where information is crucial in the process of work. 
The theoretical model developed in this study could be applied and validated in these 
settings. For example, the theoretical model could be applied to a global organisation 
where teams need to work together based on sharing knowledge, and could compare 
their networks during ordinary and emergency periods. Another example is using this 
model to research how emergency departments coordinate their activities and tasks 
during ordinary and incident periods. A variety of different contexts duplicating the 
findings from this study would increase the certainty in the results presented by this 
study.  
Second, interesting insights could be further generated by replicating this 
study in larger organisations where coordination of expertise occurs. As these study 
finding are based on the NSW SES only, it would be fascinating to see if this study 
could extend to all other states of the SES in Australia, and explore whether SES 
organisations from different states share the same patterns of social network structure 
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and expertise coordination, both during ordinary and incident periods. Alternatively, 
taking this to a global level, comparing the emergency services of different countries 
could be interesting if a culture or command-control system affects their coordination 
of expertise and social network structure.  
Third, longitudinal research could capture data that show how actors activate 
their personal and professional network structures, and position and tie relationships, 
and how these can change over time. This longitudinal study would give much depth 
to this study. In addition, this would reveal patterns in trends of ICT use, and the 
effects of different training over time. 
Fourth, this research examined the coordination of expertise before and during 
a disaster. In future research, it would be fruitful to observe network patterns of 
coordination expertise alongside the disaster management phases, such as 
preparedness, impact, response, recovery and mitigation. The patterns could then be 
compared to determine when the structure, positions and ties of the network are most 
stable and most unstable—leading to the establishment of a predictive framework for 
disaster management and response. 
6.5 Summary 
Theoretically, this study has provided a social network lens to understand 
coordination. While much of the previous literature on coordination was understood 
from the individual, task and organisational levels, this research extends coordination 
theory by contributing a new dependency of expertise coordination, and by 
understanding, which social network properties are conductive to expertise 
coordination. To the best of the researcher’s knowledge, this is the first study to do 
this, particularly within a disaster management context. 
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Therefore, it is important to explore further in this field of studying networks 
and coordination of expertise—the most critical aspect of knowledge-intensive 
workgroups (Faraj, 1998). This study also contributes to cognition system studies 
(Hutchins, 1995; Liang et al., 1995; Weick & Roberts, 1993), which emphasise the 
importance of knowing who has what types of knowledge and skills in the team. 
Returning to the very beginning of this study, the Redwood tree was 
mentioned to highlight its amazing survival mechanism, which is hidden deep below 
the surface, in its vast networked connection of roots. This network is essential for the 
tallest tree in the world to survive, and for the whole forest to survive as one complete 
ecosystem. This is similar to human networks—including occupational humanitarian 
communities and volunteer communities, such as disaster management agencies—
where the power of networks cannot be ignored. This study suggests the crucial 
strength of informal human networks to foster effective disaster management, and the 
negative influence of constrained networks hindering effective disaster management. 
There is more than meets the eye when it comes to human structures and what 
they can do. Borrowing from the law of the Koi fish, depending on the structure of the 
fish’s environment, its growth can be fostered or hindered. It can grow to a maximum 
of 5 to 8 cm in a fish bowl, 15 to 25 cm in a pond, and up to 90 to 125 cm in a lake 
(Poscente, 2006). Just as the fish grows and lives bound by its environment, it is 
hoped that this study will help organisational leaders, managers, scholars and 
scientists to understand the structure of the networks within which we are all 
embedded. This study aims to help all stakeholders see beyond tasks and individuals, 
and understand that the structure of connections—which is the heart of all human 
activity—can be more important than ever in situations of life and death.  
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Appendix A: Qualitative Interview Questionnaire 
Qualitative Questions for SES Managers 
General Questions 
1. Please state your specific job title (e.g., director community safety, manager 
logistics, etc.). 
 
2. How many years you have been in your role/occupation? 
 
3. How many years have you been working in SES? 
 
4. Please provide an account or brief overview of your job details. For example, 
what do you do on a day-to-day basis and/or at the strategic or higher level 
within the organisation, if applicable? 
 
5. What other qualifications are you accredited with (e.g., emergency 
management certificate, emergency exercise, etc.)? 
 
6. What kind of emergency exercise(s)/training did you participate in? 
 
7. How often are you called to attend training? 
 
8. What was the outcome of attending training or emergency exercise program?  
 
9. Have you ever attended joint task force training (e.g., join with other 
departments or states)? 
 
10. If so, what was the outcome of the training? 
 
11. Does SES have a knowledge-based system that is used for training? 
 
12. What is some of the expertise you need in your field? 
 
13. Can you recall an event when you had to seek for expertise that was not 
available in your team? How did you identify expertise not from your team, 
and how did you source them? 
 
14. Male or female (interviewer to note only). 
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Main Questions Based on the Literature 
 Social network Medium (ICT + training) Network + medium 
Location of 
expertise 
1. Knowledge/awareness map: In your current 
workplace or work setting, do your team have a 
good ‘map’ of each other’s talents and skills? 
That is, do you have a good idea of who knows 
what or who is an expert in what area? 
2. Tie strength: If yes, how do you locate 
expertise using a social network? 
i. through weak ties—acquaintance/colleague 
ii. strong ties—friend/colleague. 
3. Formal and informal network: Can you recall 
a specific disaster event (e.g., Wagga Wagga) in 
which you were involved? How useful was the 
formal hierarchy network? How useful was your 
informal personal network? 
4. Expertise location technology: Within your 
workplace, do you have any IT system or 
specialised software or device to search for 
expertise when needed? For example, does your 
organisation have a knowledge base of 
expertise? Or at least a knowledge base that can 
point you to relevant expertise? 
5. Formal training: Think about the time when 
you joined this organisation up until now. Was 
there any training about expertise location? If so, 
how are you trained to search for expertise? 
(formal location of expertise) 
6. Formal and informal networks: Think about 
the time in your job and day-to-day operations, 
how do you actually search for expertise in 
times of need? (informal location of expertise) 
7. How do you combine medium and different 
types of networks (strong-tie network, weak-
tie network, formal network or informal 
network) and tools to locate expertise? 
Where expertise 
is needed 
1. Knowledge/awareness map: Have you ever 
experienced or felt that some team members 
lacked certain specialised knowledge or skills 
that were necessary to do their task? 
2. Bottleneck role: Have you ever experienced or 
felt that some team members do not have the 
necessary knowledge and skills to perform well, 
regardless of how hard they try? 
3. Brokerage role: Do you feel that you are 
important to connect other expertise seekers? 
That is, are you always or frequently approached 
by others to seek expertise or to point them to 
where expertise lies? On most occasions, is the 
expertise you located useful for the problem at 
hand? 
4. Expertise location technology: Is your SES 
equipped such that new employees know how to 
look for expertise and bring it to bear (use 
expertise for task solving)? 
 
Bringing 1. Task efficiency: Is there a clear match between 4. Knowledge transfer: Do members in your team 5. Knowledge transfer: Do more 
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expertise to bear your team members’ assigned tasks and their 
task-relevant knowledge and skills? 
2. Knowledge transfer: Do members in your team 
share their special knowledge and expertise with 
one another?  
3. Knowledge transfer: If someone in your team 
has some special knowledge about how to 
perform a team task, is he or she is likely or not 
likely to tell the other members about it?  
virtually exchange information and knowledge, 
or share their skills among members?  
a. If yes, what kind of information, knowledge or 
skills do they share virtually? 
b. Which ICT is used most to share knowledge 
(e.g., email, text message, telephone)? 
knowledgeable team members freely provide 
other members with hard-to-find knowledge or 
specialised skills?  
6. Knowledge/awareness map: Do you feel that 
you have to spend a certain time to know who 
knows what and how to bring expertise to 
bear? 
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General Questions about Expertise 
1. Do you feel that the following three concepts are important in your job? 
a. Location of expertise 
b. Knowing where expertise if needed 
c. Bringing expertise to bear  
 
If so, to what extent? 
 
2. Would you comment on how SES overall, as a disaster management 
organisation, is handling the following: 
a. Location of expertise 
b. Knowing where expertise if needed 
c. Bringing expertise to bear. 
 
3. Do you believe that the processes and system within SES in relation to the 
above three constructs are adequate, or is there room for improvement? 
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Appendix B: Survey Instrument—Staff Members 
 
 
The University of Sydney 
NSW Australia  
 
Complex Systems Research 
Group 
Project Management Program 
Faculty of Engineering and 
Information Technologies 
Engineering Link Building J13 
Telephone: + 61 2 9351 4070 
Facsimile: +61 2 9351 3838 
E-mail: 
ykim2190@uni.sydney.edu.au 
 
Claire (Ye Ryung), Kim  
PhD Candidate 
   
PARTICIPANT INFORMATION SHEET 
Measuring the Professional Network and Expertise Accessing/Sharing 
 
Managing a disaster involves more than just response and relief. It assumes a proactive 
approach and has a systematic process (based on the key management principles of planning, 
organising and leading, which includes coordinating and controlling) that aims to reduce the 
negative effects or consequences of adverse events (disasters cannot always be prevented, but 
the adverse effects can be minimised). In times of disaster, it is crucial to access and share 
various forms of expertise to deliver efficient and effective disaster management. However, 
research on how disaster agents are able to access and share expertise from their professional 
network is not well understood. 
 
The purpose of this questionnaire is to assemble data for a computer network analysis of your 
professional network structure and attitudes towards accessing and sharing expertise. The 
questionnaire asks about the nature of your professional network, such as people with whom 
you work (friends, colleagues, associates) and other people relevant to your professional 
activity. You are also asked to provide some demographic details and attitude ratings about the 
provision of services to people. It will take no more than 15 minutes to complete. Please 
remember that there are no right or wrong answers. Your honesty is most appreciated.  
 
The University of Sydney’s Human Ethics Research Committee has approved this project 
(Ethics No. 2013/927).. The opinions and information that you provide will be critical to our 
ability to promote a richer understanding of how a disaster management agents’ professional 
networks and expertise coordination can affect the delivery of services to communities in need. 
Your completion and return of this survey constitutes your consent to participate in this survey 
research study. However, you are not obligated to participate and declining to participate will 
in no way affect you. 
 
Everything you write here is strictly confidential. This is assured in two ways. First, the 
computer only knows your network as a system of nodes, lines and equations. Second, no 
individual responses will be reported and no one will see your questionnaire except the data 
entry staff (based at the University of Sydney). 
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As a token of appreciation, we will provide you a summarised report upon completion of the 
research. The report will include a summary of research overview, results and findings. We 
believe that the implications from the research will be of immense value to the NSW State 
Emergency Service, Australia, and to the wider disaster management agents. 
 
Yours sincerely 
 
Claire (YeRyung), Kim 
 
 
Any person with concerns or complaints about the conduct of a research study can 
contact the Senior Ethics Officer, Ethics Administration, University of Sydney, on 
(02) 9351 4811 (telephone) or (02) 9351 6706 (facsimile). 
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SECTION A. Demographic Questions 
 
In this section, we ask some basic demographic questions about you. Please write your 
answers in the column on the right. 
 
QUESTION ANSWER 
1. What is your gender? (Please circle)  
 
 
 
Male / Female 
2. What is your age group? 
 
 
 
 
 
 
 Age Group 
1 18–30  
2 31–40 
3 41–50 
4 51–60 
5 61 and above 
 
3. Which SES unit/LGA are you a member of? 
 
1. Central West Region 10. Namoi Region 
2. Clarence-Nambucca Region 11. North West Region 
3. Far West Region 12. Oxley Region 
4. Hunter Region 13. Richmond-Tweed Region 
5. Illawarra-South Coast Region 14. Southern Highlands Region 
6. Lachlan Region 15. Sydney Northern Region 
7. Macquarie Region 16. Sydney Southern Region 
8. Murray Region 17. Sydney Western Region 
9. Murrumbidgee Region  
 
Name of Local Unit:  
 
______________________________ 
4. Please state your specific job title   
 
…………………………….. 
 
5. How many years you have been working in SES? 
 
 
--------- Year --------- Month 
6. Please provide a brief overview of your role. 
 
 
 
 
 
 
7. Is there any difference between emergency time and ordinary time in terms of reporting and 
contacting people for advice? 
 
 
 
 
8. In your opinion, which was the most successful (well-managed) incident you have been 
involved with? 
(Please provide name of the incident) 
 
 
 
 
Department / Unit/ 
  
9. In a few words, why do you think this incident was successfully managed? 
 
 
 
 
 
 
 
 
10. In your opinion, which was the most unsuccessful incident or an incident that could be 
managed better? 
 
11. In a few words, why do you think this incident was unsuccessfully managed? 
12. In a few words, what should have been done to make the operation in this certain incident 
better? 
 
  
 Code Proximity 
1 
Works closely with me 
(same room) 
2 Same department 
3 Different department 
4 
Different city/town 
branch 
5 Different state 
6 Different country 
7 
Other 
_______________ 
 
 
SECTION B. Professional Network Questions 
 
 
 
 
 
 
1. Looking back over the last six months, please select from the list below roles/positions 
(up to 15 maximum) that have been important in providing you with information or 
advice. 
 
These roles/positions may or may not be held by people that you communicate with on a 
regular basis or whom you would seek help from. They can come from within your 
unit/NSW SES or outside (e.g., administration staff, other state SES, Fire and Rescue 
NSW, NSW ambulance services, NSW rural fire service, Secure NSW, Emergency 
Management Australia, Department of Community Services). 
 
Please select their role/position title from the reference sheet, and then enter the respective 
codes for their occupation and workplace proximity.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
By ‘professional network’, we mean professional people with whom you associate, interact 
or work when you look for expertise, special knowledge or documents to help/solve issues 
for your role (your manager, colleagues, work friends, etc.) 
For the role titles, please refer to the 
reference attached and insert the 
number. 
If a role/position is not already on the 
list, please use your own words to add 
the person’s role/position. 
 Table 1 
Members of your Professional Network 
 
 
  
  Role code (see attached sheet)  Proximity code 
Example: 
Role/Position 0 Business Analyst  3 
Role/Position 1 
 
  
Role/Position 2 
 
  
Role/Position 3 
 
  
Role/Position 4 
 
  
Role/Position 5 
 
  
Role/Position 6 
 
  
Role/Position 7 
 
  
Role/Position 8 
 
  
Role/Position 9 
 
  
Role/Position 10 
 
  
Role/Position 11 
 
  
Role/Position 12 
 
  
Role/Position 13 
 
  
Role/Position 14 
 
  
Role/Position 15 
 
  
 SECTION C. Questions Relating to You and Your Professional Network  
 
In this section, we are interested in the relationship between you and your professional network 
members. 
 
1. Using each of the roles/positions filled in Section B (Table 1), please indicate the time you 
have known the person in this role/position using the following codes. (The numbers on the 
right below correspond to the number associated with the person you named in Table 1.—e.g., 1. 
refers to person 1, 2 refers to person 2, and so on.) 
 
                       Example: person 0.   5  
 
 
 
 
 
 
 
 
 
 
2. Using each of the names filled in Section B (Table 1), please indicate the frequency of your 
interaction with them using the following codes: 
                           Example: person 0.   2  
 
 
 
 
 
 
 
 
 
 
3. Using each of the names filled in Section B (Table 1), please indicate how close you are to 
the contact using the following codes:  
Especially close—if the person is your closest personal contact;  
Close—if you are friendly with the person, but don’t count him/her among your closest 
personal contacts; 
Less than close—if you don’t mind working with the person, but you have no desire to be 
friends; 
Distant—if you really don’t enjoy spending time with the person unless it is necessary. 
 
 
 
 
  
Code Time known 
1 Less than 1 year 
2 1–3 years 
3 4–6 years 
4 7–9 years 
5 10+ years 
1. ____ 
2. ____ 
3. ____ 
4. ____ 
5. ____ 
6. ____ 
7. ____ 
 
8. _____ 
9. _____ 
10. ____ 
11. ____ 
12. ____ 
13. ____ 
14. ____ 
15. ____ 
 
Code Interaction frequency 
1 Daily 
2 Weekly 
3 Quarterly  
4 Yearly 
1. ____ 
2. ____ 
3. ____ 
4. ____ 
5. ____ 
6. ____ 
7. ____ 
 
8. _____ 
9. _____ 
10. ____ 
11. ____ 
12. ____ 
13. ____ 
14. ____ 
15. ____ 
 
Code Degree of closeness 
1 Distant  
2 Less than close 
3 Not close, not far  
4 Close  
5 Especially close 
1. ____ 
2. ____ 
3. ____ 
4. ____ 
5. ____ 
6. ____ 
7. ____ 
 
8. _____ 
9. _____ 
10. ____ 
11. ____ 
12. ____ 
13. ____ 
14. ____ 
15. ____ 
Person 1 
Person 2 
Person 3 
Person 4 
Person 1 
Person 2 
Person 3 
Person 4 
 SECTION D. Medium of Communication 
 
1. To what extent do you use ICT when you interact with this person? (ICT means email, 
telephone, fax, video conferencing, etc. If you only interact face to face, then choose 
‘Never’.) 
 
 
 
 
 
 
 
 
 
 
SECTION E. Information and Communication Technology (ICT) Use 
 
In this section, we would like to learn your level and attitude towards ICT use. ICT includes 
computers, technological software applications and systems such as SAP, smart mobile 
telephones, tablet PCs, emails, fax, telephones, video conferences and so on. If you do not use ICT, 
please skip to Section F.  
 
 
 
 
  
Code Frequency 
0 Never use 
1 Occasionally 
2 Quarterly 
3 Monthly 
4 Weekly  
5 Daily  
 
1. ____ 
2. ____ 
3. ____ 
4. ____ 
5. ____ 
6. ____ 
7. ____ 
 
8. _____ 
9. _____ 
10. ____ 
11. ____ 
12. ____ 
13. ____ 
14. ____ 
15. ____ 
 
Person 1 
Person 2 
Person 3 
Person 4 
 Please indicate how often ICT is used for the following tasks: 
 
 Tasks Never Occasionally Few times a 
month 
Few times 
a week 
Daily 
1 Generating incident 
reports/summaries during 
emergency 
     
2 Using websites, virtual 
library, computer software 
to help you solve issues or 
make better decisions  
     
3 Accessing educational 
material for your role 
     
4 Receiving or storing 
information electronically, 
such as reports and incident 
logs during the time of big 
incidents  
     
5 Accessing task-related 
academic professional 
journals  
     
6 Accessing databases (such 
as SAP) 
     
7 Accessing guidelines and 
best practice (such as key 
document index) 
     
8 Accessing past 
incident/disaster 
information (such as virtual 
library) 
     
 
9 Communicating with 
professional associations  
     
10 Professional development      
 
11 Finding information to 
help your job (e.g., Google 
search) 
     
12 Consultation with 
colleagues 
     
 
13 Communicating with 
special interest groups 
(e.g., volunteer networks) 
     
14 Other tasks: 
_________________ 
     
 
 
  
 SECTION F. Effects of Workgroups/Training during Emergency Management 
 
QUESTION ANSWER 
1. What kind of emergency exercise(s), 
workgroups or trainings did you participate in 
during the last one year? 
Name of training(s): 
2. How often are you called to attend training or 
give training? Attend training: ___time(s) per year 
Give training: ____time(s) per year 
3. What was the outcome of attending an emergency exercise(s), workgroup or training 
program?  
 
a) New (updated) skill 
|-----------------|-----------------|-----------------|-----------------| 
          Very poor       Poor       Not sure      Good      Excellent 
 
b) Broader personal network 
|-----------------|-----------------|-----------------|-----------------| 
          Very poor       Poor       Not sure      Good      Excellent 
 
c) Knowhow 
|-----------------|-----------------|-----------------|-----------------| 
          Very poor       Poor       Not sure      Good      Excellent 
 
d) Information 
|-----------------|-----------------|-----------------|-----------------| 
          Very poor       Poor       Not sure      Good      Excellent 
 
e) Other ________________ 
|-----------------|-----------------|-----------------|-----------------| 
          Very poor       Poor       Not sure      Good      Excellent 
 
 
4. Have you ever attended joint training sessions 
(e.g. with other departments, states and so on)? Yes / No 
5. If so, what was the main benefit you think you got out of the joint training?  
 
a) New (updated) skill 
|-----------------|-----------------|-----------------|-----------------| 
          Very poor       Poor       Not sure      Good      Excellent 
 
b) Broader personal network 
|-----------------|-----------------|-----------------|-----------------| 
          Very poor       Poor       Not sure      Good      Excellent 
 
c) Knowhow 
|-----------------|-----------------|-----------------|-----------------| 
          Very poor       Poor       Not sure      Good      Excellent 
 
d) Information 
|-----------------|-----------------|-----------------|-----------------| 
          Very poor       Poor       Not sure      Good      Excellent 
 
e) Other________________ 
|-----------------|-----------------|-----------------|-----------------| 
          Very poor       Poor       Not sure      Good      Excellent 
 
6. What is some of the expertise (specialised  
 knowledge, skills or information) required for 
your role in SES? 
_______________________________ 
_______________________________ 
 
 
SECTION G. Use of Informal and Formal Organisational Structure 
 
1. Can you recall a specific disaster event (e.g., Wagga Wagga incident) that you were 
involved in? Please answer according to the specific disaster. 
 
Name of disaster (area, year): _________________________________________, 
___________________ 
 
2. Please answer according to the specific incident you listed above. How useful was 
the informal/formal network for managing (transferring information or getting 
expertise/experts) the incident? 
 
i) Your personal informal network of people 
 
|-----------------|-----------------|-----------------|-----------------| 
      Very poor          Poor           Not sure           Good          Excellent  
 
ii) Formal network (according to the organisational chart) 
|-----------------|-----------------|-----------------|-----------------| 
      Very poor          Poor           Not sure           Good          Excellent  
 
iii) Internet, web forum 
|-----------------|-----------------|-----------------|-----------------| 
      Very poor          Poor           Not sure           Good          Excellent  
 
iv) Combination of formal and informal networks 
|-----------------|-----------------|-----------------|-----------------| 
      Very poor          Poor           Not sure           Good          Excellent  
 
 
 
3. When you need to find someone with expertise in a particular field, how useful are the 
following approaches? 
 
Answer: ____________________ 
 
1. Informal network of people 
2. Formal network (according to the organisational chart) 
3. Internet, web forum 
4. Combination of formal and informal networks 
 
 
4. Please think about the time when you joined this organisation up until now. Was 
there any training regarding helping you to find expertise (special information or 
person) in times of need? 
 
If ‘YES’, how were you trained to search for expertise? (formal location of 
expertise) 
 
If ‘No’, please go to next question. 
 
Answer:  
 
 
 
 SECTION H. Attitudes towards Expertise Coordination Process 
 
In this section, we would like to learn your attitude towards seeking expertise in order for you to 
do better job (team = group of people you work with in SES). 
 
1. I think the team has a good ‘map’ of each other’s talents and skills 
 
|-----------------|-----------------|-----------------|-----------------| 
          Strongly disagree Disagree         Not sure      Agree         Strongly agree 
 
 
2. I think team members are assigned to tasks adequate to their task-relevant knowledge and skill 
 
|-----------------|-----------------|-----------------|-----------------| 
          Strongly disagree  Disagree         Not sure      Agree         Strongly agree 
 
 
3. I think team members know what task-related skills and knowledge they each possess 
 
|-----------------|-----------------|-----------------|-----------------| 
          Strongly disagree  Disagree         Not sure      Agree         Strongly agree 
 
 
4. I think team members know who on the team has specialised skills and knowledge that is 
relevant to their work 
 
|-----------------|-----------------|-----------------|-----------------| 
          Strongly disagree  Disagree         Not sure      Agree         Strongly agree  
 
 
5. Some team members lack certain specialised knowledge that is necessary to do their task 
 
|-----------------|-----------------|-----------------|-----------------| 
          Strongly disagree  Disagree         Not sure      Agree         Strongly agree  
 
 
6. Some team members have the necessary knowledge and skill to perform well, regardless of 
how hard they try 
 
|-----------------|-----------------|-----------------|-----------------| 
          Strongly disagree  Disagree         Not sure      Agree         Strongly agree  
 
 
7. Some people on our team have enough knowledge and skill to do their part of the team task 
 
|-----------------|-----------------|-----------------|-----------------| 
          Strongly disagree  Disagree         Not sure      Agree         Strongly agree  
 
 
8. People in our team share their special knowledge and expertise with one another 
 
|-----------------|-----------------|-----------------|-----------------| 
          Strongly disagree  Disagree         Not sure      Agree         Strongly agree 
 
 
9. There is virtually exchange of information knowledge or sharing of skills among members 
 
|-----------------|-----------------|-----------------|-----------------| 
          Strongly disagree  Disagree         Not sure      Agree         Strongly agree 
 
 
10. More knowledgeable team members freely provide other members with hard-to-find 
knowledge or specialised skill 
  
|-----------------|-----------------|-----------------|-----------------| 
          Strongly disagree  Disagree         Not sure      Agree         Strongly agree 
 
 
You have reached the end of this survey. Thank you very much! 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Please ensure that you have answered all the questions.  
Please return all the pages (including Page 3 if torn out). 
 
Claire Kim 
Complex Systems Research Group 
Project Management Program 
Faculty of Engineering and IT 
The University of Sydney 
NSW 2006  
To receive a report of the research findings, please fill in your contact 
details: 
 
Given name:  ___________________________ 
Surname:  ___________________________ 
Address: ___________________________ 
  ___________________________ 
  _______________________ 
Telephone: ___________________________ 
Email:  ___________________________ 
 
 Appendix C: Contact Summary Sheets of Qualitative 
Interviews 
The following questions were used in the interviews. This interview was to test 
whether the questions were understandable to interviewees in SES. 
 
Contact Summary Sheet for SES 1st Interview 
CONTACT	SUMMARY	SHEET	A	
Date:	22	February	2013	 Time:	10.00	to	10.30	am	
Name	of	company	 SES	Head	Office	
Years	of	experience	 15	years	
Person	interviewed	 	
Role	in	the	company	 Manager	Geographical	Information	Systems		
Workshops/training		 ‘Most	of	time,	I	give	training	on	geographical	information	to	
volunteers	and	regional	team	members;	however,	there	
isn’t	many	training	for	me	to	attend.’	
	
‘I	attend	geographical	information	workshop	at	this	
workshop;	I	can	meet	people	from	other	states.	I	believe	
there	is	after-effect	on	training	and	workshops.	That	is,	
building	up	the	personal	network	and	this	network	helps,	
especially	when	I	need	to	deploy	people	to	the	accident	
site.	Last	year,	Western	NSW	had	prolong	flood	for	eight	
weeks.	That	time,	we	needed	too	many	people,	so	I	could	
call	people	from	ACT	[Australian	Capital	Territory],	about	12	
to	15	people,	and	it	was	easy	to	do	so	because	of—I	already	
know	someone	in	charge	from	the	previous	national	
workshops.	Also,	joint	training	with	other	state	helps	to	
resources	when	own	resource	finishes	off.’	
	
‘Therefore,	national	workshops,	which	held	two	to	three	
times	per	year,	are	very	critical	for	the	job	and	these	
meeting	help	me	to	extend	my	personal	network.’	(Building	
up	weak	ties.)	
Expertise	location	
Expertise	needed	
Bringing	expertise	to	
bear	
‘I	don’t	think	it	is	necessary	to	know	the	location	of	the	
expertise	because	the	location	of	expertise	often	changes,	
so	I	don’t	need	to	keep	track	on	where	the	location	is.	
However,	I	believe	that	I	can	always	rely	on	my	personal	
network	to	find	out	the	location	of	the	expert.’	
 	
‘It	is	important	to	figure	out	where	expertise	needed,	
otherwise	we	cannot	bring	the	solution	to	the	right	place.’	
Knowledge-based	
technology	
‘There	isn’t	strong	knowledge-based	technology;	however,	
there	is	one	knowledge-based	system,	which	divides	people	
by	their	personal	knowhow	into	levels	and	is	used	for	
deploying	people	in	times	of	disaster.’	
Use	of	formal	or	
informal	organisational	
structure	
‘I	will	use	both	structure,	but	if	I	already	have	some	sort	of	
map	in	his	mind	how	to	look	for	expertise,	then	I	will	use	
informal	structure.	If	I	have	no	idea	at	all,	then	I	will	use	
formal	structure.’	
Use	weak	ties	or	strong	
ties	to	look	for	expertise	
‘Most	of	time,	I	use	weak-tie	relationship	to	solve	issues	
and	problems.’	
 
  
 CONTACT	SUMMARY	SHEET	B	
Date:	22	February	
2013	
Time:	10.30	to	11.30	am	
Name	of	company	 SES	Head	Office	
Person	interviewed	
	
Tess	
Role	in	the	company	 SAP	Project	Manager	
Years	of	experience	 9	years	
Workshops/training		 ‘Common	trainings	were	not	needed	because	of	cultural	burial	
between	different	group	of	people.	There	was	a	time	that	we	
all	had	to	gather	and	went	to	Victoria	SES	to	look	some	case	
used	with	SAP.’	
	
‘Workshops	are	important	to	build	personal	network	and	face-
to-face	meetings	are	also	good,	but	bit	slow	in	getting	know	
each	other.’	
	
‘We	offer	few	workshop	of	every	SAP	project.’	
Expertise	location	
Expertise	needed	
Bringing	expertise	to	
bear	
‘I	think	where	expertise	is	important,	as	well	as	figuring	out	
where	expertise	needed.	Also	making	other	people	expert	
eventually	is	very	important.’	
	
‘For	bring	expertise	to	bear	is	easy	especially	expertise	from	
outside	of	the	organisation	because	they	will	be	paid,	but	
bringing	internal	expertise	to	solve	problem	isn’t	easy	(…	
because	some	people	just	want	to	their	job	and	don’t	want	to	
do	anything	else)’.	
Who	are	experts?	 ‘Then	my	question	is,	how	can	we	define	expertise?	Most	of	
people	they	declare	themselves	as	an	experts,	but	many	time	
they	couldn’t	bring	to	the	bear.	For	example,	in	SES,	most	of	
regional	managers	usually	identify	themselves	as	an	experts,	
but	often	turns	out	they	were	not.	I	have	experienced	with	
especially	with	regional	manager—they	meant	to	be	experts	of	
the	region,	but	most	of	time	they	are	not.’	
Knowledge	sharing		 ‘Knowledge	transfer	isn’t	working	well	because	of	the	culture	
in	organisation.	People	just	want	to	be	spoon-fed—they	don’t	
want	to	find	information.’	
	
‘There	isn’t	any	equipment	for	new	staff	to	find	expertise.	They	
have	to	learn	all	by	themselves.’	
Solution	of	
knowledge	sharing	
‘We	are	trying	to	change	the	culture	of	organisation	to	share.	
We	are	approaching	people	who	stayed	long	time	who	doesn’t	
want	to	change	to	change	their	mindset	to	share.’	
ICT	use	 ‘SAP	and	Microsoft	share	point—there	are	some	tools	
 developed’	(platform).	
	
‘Also	we	are	in	process	of	building	virtual	library	in	SES.’	
	
‘We	are	heavily	rely	on	email	and	website.’	
Knowledge-based	
technology	
‘No	knowledge-based	technology	is	available—we	are	relying	
on	word-of-mouth	to	solve	the	most	problem;	however,	would	
be	really	nice	to	have	a	system	which	can	map	skill	of	people.’	
Use	of	formal	and	
informal	structures	
‘I	use	both	formal	and	informal	organisation	structure	to	do	my	
job,	but	I	use	informal	structure	more	to	look	for	expertise.’	
Use	weak	ties	or	
strong	ties	to	look	
for	expertise	
‘When	I	look	needed	unexpected	help	or	expertise,	I	use	
acquaintance	relationship’	(weak	tie).	
Negative	relationship		 ‘I	had	experience	with	negative	relationship	in	the	same	team,	
but	the	negativity	didn’t	really	affect	entire	team—I	think	
because	of	the	nature	of	the	work.’	
What	is	biggest	issue	
of	SES?	
‘I	think	communications	between	staff	members	are	biggest	
problem.’	
	
‘I	think	good	communication	will	lead	to	good	coordination	
and	good	collaboration.’	
 
 
  
 CONTACT	SUMMARY	SHEET	C	
Date:	22	February	
2013	
Time:	12.00	to	1.00	pm	
Name	of	company	 SES	Head	Office	
Person	interviewed	
	
Scott		
Role	in	the	company	 Managing	Special	Operation		
Years	of	experience	 15	years	(two	years	in	Head	Office)	
Workshops/training		 ‘I	give	and	attend	trainings.	I	think	through	training	I	can	
improve	management	skill,	formal	operation	skill	and	my	
personal	network.’	
Expertise	location	
Expertise	needed	
Bringing	expertise	to	
bear	
‘When	I	look	for	expertise,	I	start	with	informal	organisation	
structure	first.	If	I	can’t	find	enough	information,	then	I	will	try	
formal	hieratical	structure.’	
‘I	think	location	of	expertise	important,	but	SES	is	not	doing	it	
well.	Especially	for	volunteers	because	all	the	volunteers	so	
different	and	there	isn’t	a	system	to	map	their	expertise.	For	
example,	we	have	volunteers	who	used	to	a	pilot	and	we	have	a	
guy	who	delivered	coffin	for	entire	his	life.	So	I	really	hope	to	
know	where	all	the	expertise	is.’	(Would	be	ideal	to	have	some	
kind	of	system.)	
Knowledge-based	
technology	
‘No.’	
How	do	you	share	
your	expertise	
(knowledge)?	
‘Visualise	to	all	the	team	member,	so	even	if	I	am	not	there,	all	
my	team	members	will	know	what	they	need	to	know.’	
Use	of	formal	and	
informal	structures	
‘I	think	formal	structure	is	needed	to	be	aware,	but	this	is	not	a	
driver—actual	help	comes	from	informal	structure.’	
Use	weak	ties	and	
strong	ties	to	look	
for	expertise	
‘Personally,	I	talk	to	people	in	my	team	first.	However,	for	first	
opinion,	I	will	go	for	strong-tie	relationship	people	because	of	
trust.’	
Who	and	what	is	
expertise/expert	to	
you?	
‘Experts	are	not	all	about	how	much	they	know,	but	it	is	more	
about	who	they	are	as	a	person	and	how	they	see	the	world.’	
‘Only	mission	outcome-driven	person	can	be	bad	for	the	project	
if	he	doesn’t	interact	with	other	people	in	the	right	way.’	
‘I	don’t	believe	anyone	is	expert,	but	when	people	give	
something	back	to	the	team,	that	team’s	collective	learning	will	
be	expertise.’	
‘I	think	collectivity	provides	expertise.’	
In	your	opinion,	
what	is	the	biggest	
issue	of	SES?	
‘Structure	in	terms	of	governance	of	people.’	
Any	equipment	for	 ‘No.’	
 new	staff	or	new	
volunteers	to	know	
the	location	of	
expertise?	
	 ‘I	am	successful	only	because	I	don’t	keep	things	to	myself.	I	am	
a	generous	person,	so	I	share	with	everyone.’	
 
  
 CONTACT	SUMMARY	SHEET	D	
Date	and	time	 Thursday	6	June	2013,	9.00	to	11.00	am	
Name	of	company	 SES	Murrumbidgee	Regional,	located	in	Wagga	Wagga	
Years	of	experience	 15	years	
Person	interviewed	 James	McTavis	
Role	in	the	company	 Manager/Region	Controller	of	Murrumbidgee	Region	
12%	of	NSW		
Initiation/pre-planning	 One	week	before	25	Feb,	notified	by	Bureau	of	Meteorology	
about	Western	Sydney.	
‘I	was	back	from	Gourboun	28th	of	Feb.	That	time,	it	was	
already	start	raining	that	that,	so	I	issued	the	incident	action	
plan	and	warning	order	to	my	units	and	this	was	really	the	
first	form	of	notification	we	gave	our	units	about	likely	
flooding	on	coming	week.’	
‘This	time,	bureau	predicting	fairly	heavy	falls	in	the	upper	
catchment	at	Murrumbidgee,	in	particular	around	Coolamon	
and	ACT	[Australian	Capital	Territory],	etc.’	
Bureau	notifies	live	level	of	River	(Provide	Prediction	Service)	
Issue	Flood	Warning	Service	for	Murrumbidgee	River	to	SES,	
then	SES	interpret	that	and	send	that	information	through	to	
FLOOD	BULLETIN	through	media	to	community	and	
individual	land	holders,	councils.	
‘We	will	interpret	what	will	be	likely	impact	…	for	example,	if	
river	rises,	and	contact	famers	one	by	one.	To	reach	few	100	
people,	we	use	fax,	key	people	and	use	their	human	
network.	This	human	network	is	informal	network.	We	
contact	one	person,	ask	that	person	to	contact	other	
people.’	
‘We	issue	flood	warning	within	30	min	after	bureau	issue	SES	
the	warning	or	watch.’	
BOM—warning	à	SES—interpret	à	Bulletin	à	act	based	
on	likelihood	of	effect	
This	is	general	response	cycle.	
First	thing	to	do.	
Call	for	meeting	(Brian	Short)	
Conveying	the	paining	meeting	in	the	region	I	was	at	the	
Gourbun	at	that	time	so	we	did	over	the	phone.	
‘First,	I	called	my	deputy	Keith	and	volunteer	deputy	“Brian	
Short”.	That	afternoon,	I	had	meeting	with	Regional	
Emergency	Management	Committee,	which	is	
representative	of	all	emergency	services	organisations	and	
all	of	functional	areas	for	disaster	emergency	management.	I	
update	and	provide	them	with	what	about	possible	in	days	
or	weeks	because	at	that	stage	we	thought	we	would	get	
moderate	flood	[28	February].	Not	was	worry	at	all.’	
 ‘At	this	stage,	we	were	more	worried	about	Cootamundra’	
(had	bad	flood	in	2010,	so	people	were	more	worried	about	
this	region).	
Every	local	government	has	the	pre-plan	for	flood	plan.	It	is	
requirement	of	Act	1998.	
Flood	plan	is	in	under	disaster	plan,	under	local	government	
and	SES	writes	flood	plan.	
After	every	event,	revisit	the	plan	and	adjust	the	plan.	
Every	five	years,	periodic	review.	
Pre-plan	had	combat	agency	+	conduct	of	operation	function	
area,	which	provide	and	support	combat	agency.	
Police	fire	rural	ambulance	volunteer	rescue	disaster	welfare	
animal	agriculture	services	health	
1:10:30	 	
1:18:55	 When	did	you	communicate	with	community?	
Key	to	success	of	Wagga	Wagga	incident	was	the	
communicating	with	community.	
Compare	to	Griffith	,	Griffith	had	slow	communication		
In	terms	of	recovery	was	also	effected	by	the	
communication	of	community	
Especially	north	Wagga	region	community	meeting	mostly	
80%poeple	turn	up.	
Two	groups	of	meeting	Lost	home	and	People	who	has	been	
evacuated		
Media	 ‘We	use	ABC	broadcast	,	local	newspaper	and	national	
media,	live	cross,	and	social	media—Tweeter	and	Facebook	
primarily.’	
‘By	contrast,	in	Griffith,	we	didn’t	have	social	media	
mediums.	As	a	result	people	started	guessing,	but	in	Wagga,	
message	was	very	well	informed.’	
‘Normal	times,	SES	educates	people	and	give	trainings	to	
community,	especially	those	who	don’t	speak	English.’	
Volunteers	 ‘We	started	moving	people	in	to	Wagga	until	Saturday	
morning,	but	we	didn’t	have	full	number	until	Monday.’	
Wollongong	head	quarter	will	send	emails	to	people	
volunteers	to	get	together	and	be	dispatched	where	they	
need	to	be.	
Modify	pre-plan	 ‘Because	the	condition	was	worst	then	we	anticipated—
initially,	we	thought	we	will	get	moderate	flood,	but	in	the	
end,	we	got	the	largest	flood	for	48	years.	Also,	initially,	we	
didn’t	think	we	had	to	evacuate	CBD—maybe	maximum	
north	Wagga.	So	the	major	change	was	in	the	evacuation.	
Year	2011,	we	had	meeting	with	council,	so	it	wasn’t	difficult	
to	make	decision	at	the	time.	We	already	agree	pre-plan	
before,	so	it	was	easy	to	evolve	or	change	plan.’	
 Post	Review	
	
‘During	the	event,	two	times	per	day,	we	need	to	report	to	
the	head	quarter.	First	by	phone	and	the	follow-up	email.	If	I	
only	knew	5%	of	what	happened,	we	always	to	Post	review.’	
Asking	people	around.	
‘For	Wagga,	we	have	200	pages	of	after	incident	report.’	
Cycle	 PPRS	Cycle.	
‘I	am	very	comfortable	to	use	this	pre-plan,	so	for	next	
incident,	I	will	use	the	same	plan.’	
	 ‘There	is	no	such	things	as	too	connected	with	people	and	it	
is	really	needed.’	
‘I	have	meeting	with	local	government	every	six	month	and,	
every	few	weeks,	I	have	meeting	with	council.’	
‘I	did	use	same	plan	for	Griffith,	but	because	of	geographical	
element	and	not	well	prepared	council	element,	the	plan	
wasn’t	successful;	however,	Wagga	was	successful.’	
  
 Appendix D: Endorsement Letter for Survey 
 
 
 
 
November 2014 
 
Dear Member 
 
As you may be aware, research and collaboration are something that we as an organisation need to 
undertake to learn from events of the past so that we can prepare for the future. 
 
I have been working with a number of students from the University of Sydney who are undertaking 
research into various activities that the NSW State Emergency Service undertakes. 
 
Claire Kim, a PhD student from the University of Sydney, is being supervised by Professor Liaquat 
Hossain to undertake a study into the role of social and professional networks and how we use these 
when we are responding to disasters. 
 
Understanding how these networks operate is vital to understanding how we can improve the 
coordination of our disaster responses in the future. Knowing "who", "where" and "how" to obtain 
information and advice during those crucial times will help us to coordinate better and to make more 
informed decisions, including those life critical ones. 
 
To gather data on how these networks operate, Claire is undertaking a survey that will assist in this 
study. I would ask that you assist in contributing to this important area of research. 
 
You can be assured that this study has received approval from the University of Sydney Ethics 
Committee and that strict confidentiality will be adhered to, and the results communicated back to us. 
 
Any person with concerns or complaints about the conduct of a research study can contact The 
Manager, Human Ethics Administration, University of Sydney, on phone 8627 8176 or fax 8627 8177 
or ro.humanethics@sydney.edu.au. 
 
Please feel free to contact me if you would like to discuss further on phone 4251 6450. 
 
I would encourage you to take the time to complete the survey. 
 
 
Regards 
Andrew Edwards 
Assistant Commissioner 
Director Finance Assets and Knowledge 
 
  
 Appendix E: Histograms Depicting Variable Distributions—
Staff Members 
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 Appendix F: Histograms Depicting Variable Distributions—
Volunteers 
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 Appendix G: SES Information Flow Chart 
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